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I.    A  D'lfferlation  on   the  Hijiory  of  Sugar,      Bj  ProfeJ/lr 

Beckman*. 

X  HOUGH  Saumaife,  Voffius,  Deufingf,  and  other 
learned  men  have  written  on  the  hiftory  of  fugar,  yet  no 
one  who  has  read  and  examined  the  opinions,  diiputes,  and 
arguments  of  thefe  authors  will  deny  that  it  is  ftill  very  de- 
fediive  and  obfcure.  For  this  reafon,  and  as  no  article  of 
commerce,  whether  we  coniider  the  immenfe  quantity  of 
it  ufed  in  different  parts  of  the  world,  the  great  number  of 
perfons  employed  in  the  cultivation  of  it,  or  in  preparmg 
and  felling  it,  or  the  large  funis  expended  annually  in  the 
purchafe  of  it,  feems  more  worthy  of  having  the  hiftory  of  it 
cleared  up,  I  refolved  to  try  whether,  after  the  attempts  of 
fo  many  writers,  I  could  produce  any  thing  new  or  certain 
on  the  fubjecl;  efpecially  as  many  new  obfervations,  which 
may  have  efcaped  thefe  authors,  can  now  be  drawn  from 
t;ooks  of  travels,  and  works  on  natural  hiftory.  It  may  alfo 
happen,  that  what  the  antients  have  faid  on  the.  ffibjecl:  can 
be  rendered  clearer  and  more  intelligible  by  a  new  rev'ifion; 
for  the  hiftory  of  fugar  has  been  involved,  by  learned  men, 
in  fuch  a  confufion  ot  words  and  things  forcisTti  to  it,  that  it 
cofts  no  little  time  and  labour  to  feparate  truth  from  proba- 
bility. 

As  our  fugar  is  the  effential  fait  of  that  plant  called  by 
ho\.zvi\^'S>  faccharum  officinartim,  or  arundo  J'accbarifera,  the 
queftion  whether  this  plant  was  indigenous  in  that  part  of 

'""  From  the  TranfaSliofis  oj  the  Royal  Soc'u'ty  &f  Goltingen,  vol.  v. 

t  Salmafii  Exercitationci  Plinianoe.  p.  716.  916.;  and  Exercitationes 
■de  Homonyrais,  p.  109. 

1^.  Voliii  Obi'crvationes  ad  PoiH^x)n.  Melam  :  Hag^  C-jriit.  165S.  4:0. 
p.  268. 

Antonii  Dcufingii  Fafciculus  DiiVcrtationum  :  Gtoni/ig^  idto.  izmo. 
p.  479.  Theophrafti  Hiit.  Phntarum  illu-'tnuS  a  Jolu  Bodjo  a  Stapel, 
Amjielodarm  i6';-4r  p.  I'-g. 
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the  world  known  to  the  antlents,  ought  to  be  cV^cuffcd  bcfon^ 
.V.  inqtnrc  whether  the  antient  Greeks  and  'R"J''"\''ll 
qcnrVnitcd  with  fuw ;  for,  if  it  could  be   proved  that  tne 
.;'"  on    was  tranfpU^ted'  in  -no-Jern  times  from  the  nej 
thl  e  old  continent,  there  would  be  no  occahon  for  d,  p  ,te 
Bu   ,hi.  point,  as  nnght  be  eafily  ft-vn,  has  b-"  -Sl-^^ 
bv  moft  of  thofe  who  have  attempted  to  wri  e  ""  »bc  ^  "o^y 
of  plants;  and  fuch  an  error  has  been  lately  c—^U^^ 
amanofkarnincr,  who  entered  uito  a  difcuflion  relpeUing 
tl^  Greek     nd  tatin  nauics  of  the  potatoe  (f  f'-f '«.V- 
tn,^),  which,  without  all  doubt,    was  tranfp  anted   mto 
En  op    from  South  America.     In  regard  to  the  f>'g^;?  •»  ; 
U      indeed  certain  that  it  crows  fpontaneouftv  ni  mauv  paits 
oVa  aatdAfrica;  ft.r  i\  can  be  eltabUn.ed    by  meon^o- 

S  "    m      l"^  e  been  acquainted  with  a  plant  abotrndmg 
whh  [we«  and  pleafant  juice  which  gvew  fpj^ta-ouny  n 

various  places  ;  and  as  the  word  >«*«'-«'''^.;^  ';VVf  "he 
doubt,  fio-nifics  fo,ne  fweet  jutce,  occurs  f' e'l"ently  m  tne 
vritn.gs  Sf  .he  antients,  it  is  worth  whde  to  -q- -  -bc*^^ 
the  faccharum  of  the  antients  was  the  fame  a.  that  whicU 

"'"wharSe 'antients  called  faccharum,  faUbaron  fakchar 
or/,"wl  was  a  white  fubftance  fu^lar  in  conh(  ence  to 
fali^  and  which,  like  fait,  broke  under  the  teeth  I  had  . 
fweet  tafte  but  lefs  fo  than  coniiiion  honey.  U  was  louna 
nArabh  Felix-,  but  the  bell  was  found  in  India;  and  ,t  was 
Tr^uSit  io  from  the  remoteft  parts  of  Ariace  an^  the  coun 

V  :I'i'f:??d''-in\h:io"m  7^  ;Ti.rto  Ibe 

ti     il -na-turS  t:crJ^:ns    The  laU  of  thef^^;;^  ;;b,e; 
the  antients  were  acquainterl  wore  '"  <'.^^/^"f' '" '^"^  e^ 
of  a  walnut.     In  the  time  of  Phny,  Diofconde.,  and  Galen, 
it  was  employed  only  in  medicmet-  ^j^ 

Vauon,  <i.e  jV,  -'--=  ^'- ^^-'^.J^^.t^dl  i.£u     Indicas,  Pcfons, 
onionne  en  cent  eiidrcwts  dj.  aucitai  t^.it.  u. 

et  Arabes.  ..  ,        ,    •         ^  «.    Saccharon 
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This  is  ail  that  the  anticnts  have  left  us  in  their  xvritiir-rs 
rdpecting>av3^rz/;;;.     It  is  indeed  (\mn  and  defcaive,   but 
Jet  us  try  what  certain  infoniiation  can.   be  dra.vn  from  it. 
I  lie  name  itielf  is  of  no  importance  in  deierminin<r  tiie  auef- 
tion    lor  amient  names  have  often  been  applied  tonewthmirs 
with  which  the  anticnts  were  unacquainted.     For  this  reafcTii 
t.icn,   though  the  name  be  the  fame,    there  may  be  a  ^reat 
diHerence  between  our  fugar  and  that  of  the  antiPiits,    ^\or 
can  any  arguments  be  adduced  from  the  origin  of  the  word 
Hfice    jt  IS  altogether  unknown,  and  as  there  are  fome  who 
tiehcve,  and  not  without  reafon,  that  this  appellation  was 
given   to  various  vegetable  juices  found   naturally  in  a  coi^- 
crete  Itate  on  the  plants  which  produced  them*.  ' 

The  plant  which  produce.^  our  fjcrar,  as  well  as  that  whick 
produced  the  /^../,^r.v;;z  oF  the  antients,  may,  in  fome  mea- 
iure,  be  referred  to  that  clafs  of  plants  called  in  eeneral  reeds 
{arundines)  :xm\  grows  in  the  fame  parts  of  the  V.;!^  Indi'^s 
and  Arabia  from  which  the  anticnts  procured  theirs.  But 
\h^u  Jaccharum  was  not  formed  from  fhe  exoreffej  juice  as 
IS  the  cafe  with  that  which  we  ufe  at  prefent,  but  was  col- 
Jected,  m  the  manner  of  a  gum,  upon  the  reeds  themfelves 
llns  circumftance,  however,  may  even  be  called  in  queftion 
bv  thole  wno  wifh  to  fearch  only  for  truth,  and  to  ieoarate 
what  IS  certain  from  what  is  doubtlul.     For  Galen  himfelf 

turn  gummium  modo,  candidum,  dentib  :s  fragile,  amDHmmum  nucisavel- 
ian?e  rnrj-nitudinc,  ad  medicinse  rantum  ufum. 

Diofrorl^s  de  Mcd^ca  Materia,  lib.  ii.  c.   104,    edit.    Saraceni,  p.    rT2.~ 

r  r  "    "^  "  *'^'"    ^'^  ''  ^^"^^^^="  '^^'^'^  ^-^"^-^  -^""^'  quod  iCch.: 

rit  ^r  iTfT''''  ?';°r^"M  '"  ^""T^  ''  ^^'''''  ^''^'''  '"  ^•'""ndmibus  repe- 
ritur,  condftemia  iali  fimile,  ac  dentibus  etiam  Tdis  modo  f'-r-^-le 

Gaf,^a./eS.n^^/.MeJ^c.Facu/..r.  lib.  vii.  c.  9.  ed^t.  ChaK^ii/voI    xiii. 
1^.  -^  /.  K«,  TO  <ray.^^af  yaUi-fxivn  l-rrtp  b^  uh^grtKat  rr,^  ^v^Aifxo-.oc  Apaf.a-  y.r*>c~^, 

r  '"'Vr'-'^""'^"'''^"'^-''-  ^'^cl  ec  laccharum,  ut  vocant,  quod  ex  Incia 
eMofum  i'^ll'^'fr'""''^^'"''  '""''"''"''  ^'''^^"^'  ^^  aiunr,  circa  calamo., 
obtineps.  &c  ^"'"  ^i^'nuscertc  noltrace  dulcis,  fed  alfimiles  ei  Viies 

tr^lJ"'  '""  "'"""'  "'•'  '''"'•'''  '"'  «^^-/<-'   *^^  -  —  T*  ^..av  ......' 

/.ue.o  crax;,.^p..     txinnmisiocis  A.i.ccstt  Barvgazonim,  in  h&c  eaicni 

o  V- 'I'ct'^lT'  '.'  "'''''   lolito  devchuntur  vari^  res,  ut  frumentum 
orv^a— et  mel  arundmeum.  quod  faccharum  dicicur 

*  T"e  ceichrated  Plaz,  in  Prograrr..  de  Sac  bare,  Lipfiae  1765,  adduces 
the  op„„on  o^  Reifkc  refpedtmg  the  name  >..v.r,  viz.  that  it  is  ^f  Pcrfiaa 
or  ndian  and  not  Araoic  extradion  ;  and  that  it  was  brought,  tooechcr 
Witu  the  thing  fignihed,  from  India  to  Arabia.  ""        ^ 

•^  3  feenis 
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fcems  to  have  entertained   fome  degree  of  doubt  when'he 
favs,— "  it   forms  itfelf  into  concretions,  as  we  are  ioldi 
around  the  reeds. '^     This  account  alfo  may  be  rendered  iti  11 
more  fufpicious  when  we  reflea  upon  the  many  ndiculous 
thincrs  which  both  the  antients  and  moderns  have  related  re- 
fpeamg  articles  brouoht  from  diftant  countries  by  merchants, 
xvho,  for  the  motf  part,  are  interefted  in  concealmg  the  real 
nature  of  their  merchandize  under  falfe  accounts.  J>>o^' ^^ 
I  fee  any  arguments  to  confute  thofe  who  might  alien  that 
Pliny  and  Diofcorides  were  deceived  by  merchants ;  io  taat 
thefe  two  naturalifts  believed  the  faccharum,  which  was  an 
exprefled  juice,  condenfcd  bv  art  and  the  help  oi  tire,  to  be 
a  certain^kind  of  gum.     This  doubt  I,  indeed,  cannot  re^ 
move;  but  let  us  try  whether  we  can  produce  any  thing  ia- 
tisfaftorv  by  adopting;  Plinv's  opinion,  that  the  antient  >r-. 
charum\\'2.s  the  wo^-k  of  nature,   and  not  ot  art.     1  ihall 
therefore  inquire  whether  our  fugar-cane  ever  produces  hi  gar 
fpontaneouflv;  which,  indeed,  feems  not  at  all  improbable, 
lince  we  have  camphor  both  in  a  natural  ftate  and  produced 
by  art.     This  queltion,  indeed,  may  be  determined  by  the 
teftimony  of  thofe  who  in  India  have  made  this  an  object  ot 

their  attention.  v      i     *      f 

Hernandez,  in  a  book  which  he  wrote  on  the  plants  ot 
Mexico*,  relates  that  he  had  heard  that  fragments  oi  lugar 
were  found  fomctimes  adhering  to  the  tops  ot  the  canes. 
Matthiolusf  alfo  favs,  that  he  had  heard  from  men  worlhv 
of  credit,  who  had  vifited  the  illand  of  St.  Thomas  and 
Madeira,  that  in  thofe  itlands  the  fugar  is  found  in  a  con^ 
Crete  ftate,  like  gum,  on  the  fugar  canes,  by  the  exuding 
of  the  juice,  and  not  unlike  that  made  by  art  called  y?^^.7r 
candy,     John  Langius  %  I'^w  alfo  fugar  canes,  brought  from 

*  Hn-fuaidez  Tbejliuru!  No-vcV  IJifpam^:  Roms  16.51,  fol.  lib.iv.  c.  14. 
p  1 1 ,  :— Audio  uafci  fpoine  i'ua  apud  Argentariura,  qucd  vocant,  Humeo 
arundin.sf-Kclr.ui,  arborum  magnuudine,  quibuu  (quod  d-xerat  i^hniui 
in  vetcri  quoqut  orhe  tv.ntre)   vi   lolls  e^prcfii  Ikccl^an  oro-.cuh  fuprcma 

pfii-te  adiuLTefcant.  .  .  t   1  1  •    ; 

t  K./z/V^vO^m,  cditaaC.Bauhino:  Balihne  ,  67 -V,  fol  cpifto!.  ho- 1. 
n  ^6— Sedan  quid  riuribus  de  his  difputandi>m,  cmn  mukorum  teUi- 
riionio  i.m  notum  fit  in  infulis,  quas  Cananas  et  Divi  Thorns  appehnnt, 
in  i>laem  lane  calamis,  a  quibus  faccharum  expriir.unB,  lUud  enamper  le 
'  jr;<rni,  et  apcrto  arundinis  latere,  maiiarc,  et  gun-,n^.i  nu>do  cralefci-re  ,-  qui- 
bi?s  facile  rubfcriburit  iu  qui  hoc  aevo  in  Indiam  iiavii^anr.  liteiiun  c^a 
Betbecalim  indict;  utrunique  jam  vcndi  affinmant, 

+   /   La>r'rii  Ef^lfohnum  Med'icmalum  r'Auvrrn  mparUi^niu  Is.inrovue 
160^,  Vvc.  p.  320:  Vidi  qooque  ex  Madera  in  Hifpaniam  allaras  arundmes 
quibus  faccharum  puruip.  accrcverat  j  quod  kparatum,  lie  rciiqui  decootio 
vjlslcar.  ncr.  nifi  m.i^ni  vev^cunv, 
■  6  ^ 

Madeir:^ 
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Madeira  to  Spain,  to  which  fugar  was  adhering  in  a  pure 
■concrete  form.  Amatiis  Lufitanus*  writes,  that  the  juice 
fometinies  exudes  from  the  fugar  cane  and  concretes  iii  the 
fame  manner  as  refni  or  gam,  and  not  unlike  kinips  of  iu^ar 
candy;  and  that  the  fame  thing  happens  not  only  in  India, 
but  in  Madeira,  the  ifland  of  St.  Thomas,  and  the  Canaries. 
Bauhin  t  likewife  tells  ns,  that  there  are  fometimes  found  in 
that  part  of  the  cane  called  by  modern  botanitts  the  eyes  of 
ihe  leaves  J  grains  or  tears  of  fugar,  of  the  fize  of  peas,  re- 
duced to  a  concrete  ftate  by  the  heat  of  the  fun,  fometimes 
pellucid,  and  fometimes  candied  and  not  pellucid.  John 
Coftffius  J  alfo  believes,  from  works  publilhed  in  India,  that 
the  fucrar  is  produfCcd  fpontancoufiy  on  the  canes  at  Bethecala 
in  that  c(xintn>^ 

That  no  doubt  may  arife  on  account  of  the  fize  of  the  con- 
cretions, which  Plinv  favs  were  fometimes  as  large  as  a  wal- 
nut, I  ihall  here  obferve  that  this  might  be  eafdy  accounted 
for,  fincelhe  drops  adhering  to  the  leaves,  being  melted  by 
the  heat  of  the  fun,  miorht  fall  down  and  be  united  into  one 
mafs.  iNJanna  concreted  in  this  manner  was  {z^ii^  by  Nie- 
buhr  in  Arabia  §. 

We  have  therefore  a  fufHcient  number  of  teftimonies 
which  feem  to  confirm  the  account  given  by  the  antients  of 
their  Jaccharum.  I  am  acquainted,  however,  with  no  later 
authors  who  faw  fugar  in  that  form ;  and  Kumph  ||  denies 
that  anv  of  this  kind  is  to  be  found  in  India  :  but  that  author, 
who  examined  with  great  attention  the  nature  of  the  fugar 
-cane,  afligns  a  reafon,  not  at  all  improbable,  why  fugar  is 
never  now  formed  fpontaneouily  on  the  canes.  The  planters, 
he  fays,  do  not  fuffer  the  canes  to  attain  to  a  fufficient  age 
for  tli-e  exudations  to  be  produced,  becauie  the  cane  everv 

'•'■  Avian  L'ff.tani  Ejiarratio/u  s  in  D'l'jfcoYidis  cl,'  Medica  Materia  Libya:  .■ 
Ar-iijcntor.  i;!;4,  4tf>.  p.  227' — Vetercs  lacclrarurn  dixcrunt  fal  in  siun- 
dinibns  d'Htctum  ;  nuc  ab  re,  cum  in  ipfis  arundinibus  non  euidem  lillu- 
Jofi-s,  led  fucco  plcnis,  rcagao  g^ftti,  ("uccus  foris  aj:tra!iitur,  ti  ibidem  ac 
refina  vel^:;ummi  in  ipfis  arundinibus  denfatur  acconcrclcit,  fimilis  oinnino 
I'accharo  cando  dido,  hodic  arte  parato,  v£l  fjli  dulci,  unde  nraiti  ilium 
fdlem  Indicum  apptlbbant.  Nee  tap.rum  in  Jndia  l>oc  cvcnire  novimus ; 
fed  etiain  hodie  in  iiiiiilis  Madeia;  ct  S.Tl^oma^  ae  Fortunatib  tju?.a  Ca- 
aiarias  difliranr- 

T  Cafp.  Bajjuni  Theflrrum  BotHnicum  :  Baiiiia'  163^',  fo!,  p-  29*. 

X  Cofuti  Annotat.  £i,d  Mriu^c  Libr.  J.  Siaci,  Mid.  Dijii>:ft.  \,  in  initio: 
Saccharum  antiquorum  ex  eadem  planta  provcnire,  ex  qua  noftruiTi  fac- 
charuni  vnlsiare,  difces  ex  Tnd.3S  conimentHrii:;;  adhuc  cuim  apud  Berhe- 
jcalam  Indije  tale  videre  eft,  iifdcni  arundinibus  fpontc  adr,i:bcn>,  cj:  quibus 
ftliquum  purius  atquc  impurius  conUcitur. 

§    ncfchrcibuni;  vou  Arabien  :   Copanbi'.ptn  ITJZ,  p.  146. 

I  Rumphii  Utrbarium  Amboincnfe,  pars  v.  p.  15c. 

A  4  M?a.r 
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year  becomes  more  woodyj  and  lofes  its  beft  juice.  BefideS, 
he  thinks  it  probable  that  the  juice  might  exude  from  the 
canes  more  eafilv  and  more  frequently  in  the  warm  regions 
of  Arabia  Felix  and  Indoftan  than  in  the  iflands  of  India, 
which  are  more  cxpofed  to  rains. 

There  are,  however,  ftill  other  caufes  of  doubt ;  for  even 
if  we  allow  that  the  fuoar  cane  f(»meiin}es  produces  concre- 
tions, yet  it  is  not  probable  that  thev  poflels  the  fame  pro- 
perties as  th(;fe  which  the  antients  afcribe  to  theirs.  For 
example,  tht!e  concrete  drops,  on  account  of  their  melleous 
nature,  ought,  according  to  cverv  appearance,  to  be  rather  of 
a  vii'cid  and  fticky  nature  than  brittle  ;  and  this  doubt  appears 
to  me  of  more  importance  than  that  propofed  by  fome  karncd 
men  who  ha\'e  compared  the  medical  properties  of  the  antient 
and  modern  fugar.  For  though  fome  alcribe  the  fame  qua- 
lities to  our  fuy;ar  a?  thole  fur  which  the  antient  phyficians 
extoiicd  theirs,  yet  manv  aiiert  that  there  is  fo  great  a  differ- 
ence, that  thev  believe  the  two  fub{i:ances  to  have  been  to- 
tally  different  -.  But,  in  my  opinion,  there  mull  neceflarily 
be  a  great  diilerence  beiween  freili  fugar  formed  fpontane- 
oufly,  and  juice  expreiied  by  great  force,  and  afterv/ards  in^ 
fpiffated  bv  the  help  of  fire,  and  purified  by  the  addition  of 
various  fubftances.  Many  particles  are  no  doubt  dedroyed 
by  boiling,  and  many  are  thrown  out  v/ith  the  fcum,  as  the 
juice  cannot  otherwdfe  be  formed  into  a  cryftcilline  mafs, 
fince  the  particles,  Vvhich  are  too  mucilaginous  and  oilv,  and 
in  the.  feparation  of  which  confills  the  refining  of  fuirar,  op- 
pofe  crvltalhzation  too  much.  It  is  indeed  not  poliible  in 
any  other  manner  to  produce  our  common  white  fugar, 
which  is  forced  to  crviniliize  :  but  the  crvftals  are  exceed- 
inglv  fma'],  and,  bv  their  cohcfion,  form  a  continued  mafs. 
Betides,  ail  thofe  who  have  made  experiments  on  the  nature 
of  new  fugar  found  in  it  all  thofe  medical  virtues  f  extolled 

fo 

*  Diofcor.  lib.  C.   Fcj  h  euxciXsv,  Zhg-cy.a)(^c;;ti£^Ev  i-SaTt  y.ai  'src^sv  axpi'KcvvKu^iv 

Ell  Ikccharnm  alvo  idoncum  ec  ftornacho  utiic,  li  aqua  diiotom  bi  atur; 
vfjxatje  vero  vefics  rtnibu'qut;  auxiliatur;  quin  et  iiiitum  ea  difclitit  quae 
piipiUi.s  tfciiebras  otfundanr. 

Galenus,  lib.  c.  Sc^ctliarum  jifllmilcs  melli  vires,  obtinens,  quod  ad 
a">itergendutn,  dcficcandum  et  digerendvim  attinut ;  porro  quarenus  nee 
inimicum  ftorrar  o  eft,  ecu  noftras,  nee  ficim  cifFertns,ea  tenus  ab  illofub- 
franria  dilferr.  Conf.  Galeni  Metbodm  Mtdendli  Hb  viii.  c.  4.  edit.Cbar- 
t'.iii,  vdI.  X.  p.  ii^.j. 

t  Se-j  f^o/fius  ndMi'lam,  p.  271,  v/here  mav  be  found  the  following  quo- 
tation from  Julius  Landus :  —  Arundincs  incola?  (puto,  in  infula  S.  T!io- 
n\ae)  inrituras  tt  rccentes  comedunt  jtjuni,  voluptatis  gratia,  ac  etiain  his 
de  cauiiis,    ut  inquiunt,   quod  folvunt  ventrem,  jecux  refrigerant,   fitim 

aufcrunt. 
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fo  much  by  the  antients.  Thofe  therefore  who,  from  the 
reaibns  I  have  adduced,  may  be  inclined  to  beheve  that  .the 
iugar  of  the  antients  was  the  fame  as  that  now  in  ufe,  will 
he  readily  pcrfuaded  thai  the  anticnt  fugar  ditiered  in  nothing 
from  ours  but  in  boilmii  alone,  and  delpumation,  according 
to  the  phrafe  employed  by  chemilts. 

In  my  opinion,  the  antients  were  acquainted  with  a  certain 
fweet  fubftance  coileclcd  from  reeds  ;  but  it  cannot  be  proved 
in  a  manner  fufficientiy  fatisfa^lorv  that  it  was  the  tears  of 
the  fame  cane  or  plant  from  which  our  common  fugar  is 
procured  ;  efpecially  iince  there  are  many  kinds  of  reeds  found 
in  India  which  exude  melleous  drops.  Left  this  conje^lure 
iliould  appear  to  be  too  remote  from  the  truth,  I  fliall  relate 
what  a  jcfuit  v.ho  had  travelled  through  the  fouthern  part  of 
America  wrote  to  Francis  Mar.  Piccolo:  ''  That  in  India 
melleous  dew  was  fometimes  fo  common  that  it  formed  itielf 
on  reeds  in  irreat  abundance,  and  mioht  thence  be  coilecied 
with  very  little  trouble,  He  tafted  theie  drops,  and  found 
*  that  they  were  perfectly  fmiiiar  to  fugar  in  every  refpect  ex- 
cept the  colour  *." 

in  relating"  the  accounts  given  by  the  antients  o^  faccha^ 
ruvi,  I  purpofelv  omitted  the  words  of  Alexander  of  Aphro- 
difias  for  two  reafons :  firft,  becaufe  ihey  are  wanting  in  all 
the  Greek  editions  of  that  author,  and  are  found  only  in  the 
Latin  tranOations;  and  therefore  it  is  impoffible  to  fay  what 
his  opinion  was f.     In  the  fccond  place,  I  omitted  the  paf- 

fage 

anferjiT-,  albos  etiam  facinrt  c'crtes.  Nimirum  res  eft  fu^viiriina,  ncqiie 
cum  facchari  arundi!i?bus  cu3e  Ron  jc  vcnunJantur,  coinparanda.  Puer- 
pens  etiam  utunrur  ofl'a  ex  pare  primum  torrefacto,  deind'j  in  Incci  arnin- 
dinum  ultima  ccASlura  pofnc.  Superaddunt  virellos,  qi  oJ  is  cihus  amifTas- 
vires  maxime  rcficiat,  ac  ftoniichuiTi  tt  inreftina  recreec  ventrcmqiie  paui- 
iarim  moUiat. 

*  Lettres  edijiantrsY.  Rr'cneil,  p.  264  :  Dans  ie  moi;  d'Avril  de  May  et 
de  Juin,  il  tombe  avec  la  tofce  une  efpece  de  manne  qui  fe  ccngtle  e:  qui 
s'endurc  t  fur  ks  feuiiles  des  rofeaux,  Tur  krquel  es  on  ia  ramafle.  J  en 
ai  goutc.  Eiie  eft  un  peu  nioins  blanche  que  ie  fucrt:  m:^.is  eiie  en  a  toutc 
la  douceur  — vV'e  are  told  alio  that  theiduie  Tning  rakes  place  in  -hv,  king- 
dom of  Chili.  See  Fid  >ure  in  C:m/'-C7idio  df'la  S.oy/a  Gconraliyia  Kiinrale 
f  Crjik  d.d  Regno  cl  Chile  \  Bologna  1776,  S>-o.  p-  13-  and  the  Garman 
tranllation,  Haniburgii  17-2,  Svo.  p.  z\. 

f  AleoiMidri  Aph.adjTi  'Problemata^  omnibus  S'.ud'io/is  mn  mi::us  utilia 
quaiu  jn:i(7ida^  Gae  et  Laiine  Joamds  Dacciofu  S.idio  iliujlraiu:  Parifiis 
J541,  i-rr.o.  ho.  ii.  §  78.  p.  70.6:— Q^cd  lacchar  .ir.di  appellanr,  mcllis 
coaguium  ell,  fole  cogcnte  rores,  converrenteque  ad  meiii?  dulcedinem. 
Quod  id^m  moute  Libani  fieri  certura  eft.  Fit  facchar  id  prcximum  falis 
giobulis,  candidum.  fragile,  vim  id  quoque  ttrgendi  purgaud;que  melli 
(imilem  habet,  et,  ccftum  riru  me! lis  nouiatis,  non  aeque  arqu;:  incoctum 
purgare  p'ot:;it.     Cibo  taaien  ita  afluuituui  apiius.ad  akndum  ell. — Ti;ere 
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Cage  here  alluded  to,  becaiife  it  is  evident  that  Alexander  of 
Aphrodifias  \howz^i  Jaccharum  to  be  the  fame  as  that  fub- 
ftance  called  at  prefent  matina',  for  he  fays,  Mell'is  coagulum 
ejl  quod  facchar  Incii  i.ppellant  quod  idem  in  monte  JJihant 
Jieri  cerium  ejl.  But  Libanon  prwJuces  fruit-trees,  and  not 
canes  that  yield  fugar.  And  wt  are  told  by  Galen,  that  fuch 
abundance  of  honey  was  found  on  the  leaves  of  the  trees  and 
flirubs  of  Mount  Libanon,  that  the  hulbandmen  ufed  to  ling, 
*'  Ju'ntcr  rains  honev  *."  Alexander  of  Aphrodifias,  there- 
fore, alluded  to  manna,  which  he  called  faccharum,  or  fac- 
char',  but  manna,  though  it  has  an  affinity  to  fugar,  is  a 
fubftance  totally  different. 

But  it  is  pollibk  that  the  antients  may  have  been  ac- 
quaint-cd  with  fu^ar,  to  which  they  gave  fome  other  name; 
and  there  are  even  learned  men  who  think  that  fugar  is  to  be^ 
underftood  in  various  paffages  of  the  Greek  and  Roman  au- 
thors, where  thev  fpeak  of  honey  procured  from  reeds,  of 
Indian  filt,  and  of  a  fwect  liquor  obtained  from  the  roots  of 
canes.  Th.ere  can  be  no  doubt  that  the  antients  confidered 
their  ylz  charum  as  a  kind  of  honey.  Whatever  was  fweet, 
the  antients  called  honey;  a!7d  for  this  rcafon,  latter  ages 
beftowed  the  fame  appellatioii  on  evcrv  thing  endowed  with 
pecuhar  fweetnefs.  In  this  manner,  manna  is  called  aero- 
mcLi  by  Athenaeusf,  or  rather  Amyntas :  bciides,  from 
manna  diluted  with  water  in  the  fame  manner  as  honey, 
they  made  a  kind  of  beverage  which  they  praifed  as  being 
fweeter  than  honev.  No  wonder  then  if  they  thought  fac- 
charu7n,  which  was  found  in  fpontaneous  concretions  upon 
reeds,  and  collecStcd  in  that  form,  lo  be^  as  well  as  manna, 

is  preferved  in  the  library  of  our  univerfity  a  very  fcarce  French  tranfla- 
tion,  entitled,  Les  Problfm(:s  d'' Alfxnndre  Jpbrodiji — tradiais  de  Grec  en 
Francois  par  M.  Herer,  a  Paris  1555,  J^vo.  where  the  preceding  p.ffage  is 
thus  tranllated,  p.  93  : — Ce  qu'on  appelle  fucre  d'Inde  eft  un  lopin  de  niiel 
fait  p-^r  le  Ibleil  coagulant  la  rcfcc,  puis  la  conver;ift  en  douceur  ce  mie!, 
Ce  que  certainement  fe  fait  au  niont  de  Liban.  Ce  fucre  premi^rcmenr  eft 
blanchi,  puis  devient  friable,  et  prefquc  Iciiiblable  aux  motes  de  fel.  Auili 
ha  il  puilTance  de  ncttoier  et  purger  lemblable  au  miei.  Mais  s'il  eft  cuit 
comrne  le  miel  de  noltre  paVs  il  ne  peut  purger  ainft  que  s'il  n'eftoit  cuit; 
toutcfois  ft  on  le  mange  en  cefte  facon,  il  eft  plus  propre  a  nourir.  Comp. 
Fabr'ini  Biblloih.  Gr^ca,  vol.  iv,  p,  74. 

••  Ga'tefms  di  Aii77:eni-  Fu.ultat.  III.  38.  p.  119.  tern.  ii.  Bahl.  1559  :— ► 
Memini  me  aliquando  cum  aeftate  fuper  arboium  ac  fruticum  herbarum- 
que  folia  mel  quam  piurimum  fuiftet  reperrum,  agricolas  velut  ludentes 
ceciniiTe  Jupiter  meile  pluit.  Apud  nos  vero  rare  id  comingit,  in  monte 
a-utem  L'bano  quotannis  perfaepe.  Itsquc  coria  fuper  terram  extendentcs 
ac  arliorco  excutier.tes,  quod  ab  eis  dertuit,  cxcipiunt,  et  ollas  ac  fidtilia 
aielle  implent,  vocantque  id  mcl  roicidum  et  aerium,  orss-rujXi  xat  asfo/^jXi. 

f  Lib,  xi.  Deipnoloph.  edit.  Cafauboni  1397,  fol.  p.  500.  j  Theo- 
phrafti  Opci-a,  edit.  Heinlii :  LiigditK!  Bat,  16x3,  fol.  p- 474* 

a  kind 
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a  kind  of  honey.  But  when  I  conhder  every  thing  that  the 
antients  have  laid  of  honev  found  on  reeds,  I  can  difc.over 
no  certain  arguments  bv  w  hlch  it  can  be  proved  that  it  was 
the  fame  with  our  fugar. 

Among  the  fragments  of  Theophraftus,  there  is  one  pre- 
ferved  which  treats  of  honey.  That  author,  as  he  generally 
does,  has  diftinguiflied  with  more  care  than  other  authors 
all  the  kinds  of  fweet  fubitances  known  in  his  time.  He, 
however,  comprehends  them  all  under  the  appellation  of 
honey.  *^  The  firft  (favs  he)  is  that  which  is  made  on 
flowers;  the  fecond  is  that  which  falls  from  the  atmofphere 
upon  plants  of  any  kind  ;  and  a  third  is  formed  upon  reeds.'* 
The  firft  kind  which  the  author  here  fpeaks  of,  is,  without 
doubt,  that  honev  extracted  by  bees  from  flou-ers;  the  fecond 
is  a  mellcous  dew,  which,  no  doubt,  belongs  to  the  manna 
of  the  n:^odcrns  ;  and  the  third  feems  to  be  vXiq  fucckarum  of 
Pliny  and  the  Greeks,  of  ivhich  I  have  hitherto  been  fpeak- 
ing.  But  nothing  can  be  drawn  from  this  paflage  to  eluci- 
date the  hiftorv  of  our  fugar*.  jMegalthenes  favs,  according 
to  Strabo,  lib.  xv.  that  honev  is  produced  in  India  on  reeds 
without  the  labour  of  bees.  The  words  of  Ifidore  f  con- 
vey as  little  information  :  ^^  Honey  formerly  was  a  kind  of 
dew,  and  was  found  on  the  leaves  of  reeds;  and  hence  Virgil 
favs,  Hacleiius  aeri't  meUis  celejlia  do?ui.  Even  vet,  indeed, 
it  is  found  in  a  concrete  form,  like  fait,  adhering  to  brancb.cs 
of  fnrubs  in  India  and  Arabia."  Seneca  exprefles  himfelf 
almolt  in  the  fame  manner: — "  It  isfaid  that  honey  is  found 
in  India  on  the  leaves  of  reeds,  and  that  it  is  produced  either 
by  the  dew  of  heaven  or  bv  the  fweet  juice  of  the  reeds 
themfelves.  Our  herbs  alfo  have  a  property  of  the  like  kind, 
and  the  honey  is  fought  for  and  collected  by  infefts  fuited  bv 
nature  for  that  purpofe:|:,"  Sec. — Thefe  words  appear  to  me 
to  be  at  any  rate  worthy  of  notice,  as  they  conlirm  what  I 
have  already  afl'erted,  that  the  origin  o{  Jacob  arum  was  little 
known  to  the  Greeks  or  the  Romans,  fince  Galen  and  Seneca 
fay  exprefsly  that  thev  related  merely  on  report  a  circum- 
ilance  which  was  therefore  uncertain  and  lefs  probable. 

As  Diofcorides  compares  the  faccharum  found  on  reeds  t6 
fait,  and   Paulus  ^Egineta  §  makes  mention  of  Indian  Jaliy 

which 

'*  Bofe,  fornierlv  profefibr,  agrees  with  me  in  this  cpinion.  See  hi* 
Ot'ia  Witiembergrn'j]a  CrUko-l^h-yjIcay  Dijfrrial.  bah.  i-]^<),  p.  i6. 

f  Origines,  lib.  xx. 

+  Epift.  84.  edit.  L//)/l!,  p.  1^9. 

§  Pau/i  JE^inetc€  Opm  d'l'Vivuni,  Alhcvno  Tothio  Vitrdu'Tfyifi  hUtrf-retf^ 
]S<ifiliie  1532,  tbi.  lib.  ii.  c.  54,  p.  9 5;  Speaking ^jf  a  fouhitib  of  the  touguo, 

he 
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which  difTered  neither  in  colour  nor  fubftance  from  common 
fait,  and  which  was  faid  to  be  endowed  with  a  mclleous  taite, 
many  nien  of  learning  have  been  induced  to  believe  that  this 
fait  is  the  fame  as  lliat  called  Jaccharum  by  Dioicorides, 
Pliny,  and  others.  But,  even  if  we  allow  this  to  be  true,  we 
iearn  nothing  from  it  that  can  illuftratc  Pliny's  account  of 
Jaccharum\  for  ih^  Indian  fait  is  recommended  by  Paulus 
jEaineta  only  to  thofc  whofe  tongues  are  rougli  and  toul,  to 
whom  I  do  not  know  u  hether  any  fwectnels  can  be  of  fer- 
vice,  whether  procured  from  reeds  or  from  any  other  plant. 

It  now  reuKiins  that  I  {l:ou]d  confider  that  fweet  liquor 
uhich  the  Indians  are  faid  to  have  made  from  the  roots  of 
reeds.  Tliis  bevcraoc  is  mentioned  by  various  authors  both 
Greek  and  Latin.  Solinus,  indeed,  tells  us  that  this  reed 
was  of  a  prodioious  fize;  but  Voihus  very  properly  obferves, 
that  the  l?ze  which  he  afcribes  to  the  Indian  reeds  or  canes 
could  not  be  that  of  our  fugar  cane.  It  is  therefore  probable 
that  Solinus  either  committed  a  miftake  in  afcribins:  to  thefe 
larc;e  canes  a  juice  which  in  realitv  was  expreifed  from  a 
much  fmaller  kind  of  reeds,  or  that  the  liquor  alluded  fo  was 
the  produce  of  a  plant  quite  different  from  that  which  pro- 
duces fugar.     But  fome  verfes  of  Varro  extolled  by  Ifidore  *, 

and 

he  favs — Archigenes  et  fal  Tndicum  hux  ufui  adhibuit,  q\!od  fane  co- 
lore et  Itibiianiia  ni'u!  a  commuiii  fale  diiridet,  lapore  vero  meliteum  c ft ; 
k-atis  vero  ejus  faiis  maunirudo,  vel  ad  fummum  fate;  quant itas  comeftii, 
affatur.  atque  proru'e  humcitareproded. — ']  he  fame  author, lib.  vii.  p,  388, 
fays:  Q^in  etiam  faccar  ouod  vocant  rr.cl,  quod  ex  Felici  Arabia  inve- 
hitur,  non  tdm  dulcc  quani  noRras  eft,  fed  aequalcs  ci  vires  poflider,  neque 
ftomacho  niolerium  eft,  neque  fiiim  conciliat.  Av'tcenvo.^  ftn.  i.  can.  4. 
tra^.  2.  c.  z\\'  fpeaking  of  foulnefs  of  the  tongue  in  fevers,  follows 
Paulus  iEginc  ta  :  Aut  teneat  in  ore  falem  qui  afportatur  de  India,  et  eft 
in  colore  faiis,  et  du'.cedine  mellis;  et  fumat  de  eo,  fecundum  quod  dixie 
i^rchigenes,  quaviritatem  fabae  unius. 

*  //?^/b?.  O'/^^/a',  lib.  xvii.  c.  7:  In  Indicis  nafci  arundines  calamique 
<j!cuntur,  ex  quorum  radicibus  expreffum  fuccum  bibunt,  uiide  er  Vaaro 
ait: 

Indica  non  magna  nimib  arbore  crefcit  arundo: 
IfliiKs  e  kntls  prcniicur  ladicibus  ijumor, 
D'jlcia  cui  nccucunt  fucco  concedere  mella. 

Nobody  acqu,iinrtd  with  L^tin  will  dcnv,  fays  Vofiius,  that  there  is 
fomething  here' in  tiie  firft  line  v.-hich  niuft  offend  every  ear  not  vitiated. 
S-iun?aile  incrtafes  inftend  of  curing  the  fault,  v.'hen  he  teads  Indica  nan7 
mag7:a.     Vcrilius  thinks  that  the  reading  ought  to  be : 

Indica  non  magna  minus  arbore  crefcit  arundo^ 

To  the  fame  fubjeft  belongs  the  following  line  of  Lucan,  PJiarfal.  iii. 
p.  237  : 

Quique  bibunt  tcnera  dulces  ab  arundine  fuccos. 

I  ftiall  fubjoin  aifo  the  words  of  Pomponius  Mela,  lib.  3.  c.  7  : — Tarn 

pin^ui* 
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and  fome  expredions  alfo  of  Strabo  *,  fecni  to  prove  that  the 
Indian  reeds  were  of  an  niimenfe  (izc ;  though  iome  doubt 
may  be  entertained  refpecling  the  opinion  of  V'arro,  as  the 
words  are  faid  to  vary  in  different  editions  of  the  book.  Nor 
can  there  be  any  doubt  but  that  there  are  many  kinds  of 
reeds  from  which  a  fweet  juice  may  be  expreifed  equal  in 
fvveetnefs  to  honey.  But  the  principal  reafon  why  1  cannot 
alfent  to  the  opinion  of  thofe  who  believe  that  the  liquor  of 
the  Indians  was  made  from  our  fugar  cane  is,  that  no  recent 
author  has  prailed  the  rnelleous  juice  of  the  roots,  which  are 
flcnder  and  not  very  fucculcnt.  Nor  did  Rumph  ever  hear 
in  India,  that  a  fweet  and  potable  juice  was  expreifed  there 
from  the  roots  of  either  reeds  or  trees.  The  anticnt  Indians^ 
had  ihev  known  our  plant,  would,  v'ithout  doubt,  have  ex- 
prefled  from  the  trunk  or  item  a  potable  liquor,  as  the  nar- 
row or  fpongy  part  is  fo  full  of  juice  chat  it  may  be  fucked 
out  with  c^reat  eafe.  But  I  do  not  fee  how  thofe  could  be 
refuted  v.ho  miolu  aOert  that  the  antients  were  deceived  ia 
this  point  by  tiavellers,  and  falfelv  imagined  that  the  juice 
expreifed  from  the  item  was  contained  in  the  roots.  Nay, 
this  opinion  might  be  confirmed  by  this  circumitance,  that 
Rumph  himfelf,  who  certainly  examined  and  was  well  ac- 
quainted with  every  thing  relatino-  to  the  nature  of  the  iugar 
cane,  its  form  and  iize,  imagined  that  the  tops  of  the  canes, 
which  for  the  moil  part  incline  towards  the  ground,  might 
have  been  coniidered  bv  the  antients  as  roots  !•  And  this 
opinion  acquires  fome  weight  when  it  is  known  that  th-e  part 
of  the  ilem  neareft  to  the  root  or  the  earth  contains  the  largeil 
quantity  of  juice,  as  appears  from  the  account  of  Rauwolf  :^ 
and  others. 

This 

pirii^uis  a'icubi  et  tam  feracis  fcli,  ut  in  ca  iTiel'a  frondibus  defUnant,  lanas 
filvai  fcrant,  arundinum  fifTa  intemodia  vtluti  nevia,  binos  et  qusedara 
ternos  ctiam  vehant. 

*  Strabo,  lib.  xv.  ex  Ei-atofthene  :  Toy?  ta  ^i/Xtvcy?  xsp:rc^f,  ^svas-Saj  -zsriX- 
>-.3VC,  -/.ai  TO.;  pifi;  TMV  <f>tiTi-r.'  y.ai  jxaXi^a  twv  fjt.v/a.7^'JiiV  xa.Xcty.:^:-/  ■yXi:y.st:ig  xa;  (^■icH 
xai  c-Y^.i-ii  ■)(\iavr^iA.v/(iu  tsu  v^atv;  roi^  nXt:;?,  TiuT  EHTrtTrrcvTe?  £;t  A;:;,  x.s.1,  too 
•aroTxrxr.rj,  Fructus  auteiTi  aiborcos  inultoi  g'g'n,  radices  (lirpium,  prae- 
fertim  magnarum  arundinum  et  natura  et  deccLtrone  dulces  tile,  aqua  a 
foUbus  tepefa£ta,  tarn  caileili,  qiiam  pluviali. — Thofe  defirous  of  being  ac- 
quainted with  the  various  kinds  of  reeds  known  to  the  antienrs  may  con- 
fult  Theophrajl.  EocLs'i  a  Stipel.  p.  4 So. 

f   KerbariuiTi  Amnoinenie,  vcl.  v.  p.  1S8. 

+  Btfcbrelbung  di.r  Re'ifc  Leonh.  Rantuclffi'n-y  Frank.  15S2,  4to.  lib.!. 
c.  4.  p.  53.  Ihe  author,  fpeaking  of  Syria,  fays:  "  Sugar  cnnes  grow- 
exceedingly  well  here,  and  in  other  places  in  the  neigh bourhoDd.  The 
canes  in  lize  and  heijht  are  not  unlike  our  canes,  but  the  interior  part  of 
them,  and  paiticulaiiy  at  the  bottom  near  the  roots,  where  they  have  moft 

ilrength. 
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This  efl'av  might  appear  verv  defective  if  I  pafTed  over  iw 
iilence  the  opinion  of  Saumailc  *  refpec^ing  the  fugar  of  the 
antients,  which  has  heen  adopted  bv  many  learned  men. 
This  author  endeavours  to  prove,  by  a  variety  of  arguments^ 
that  the  antient  faccharum  was  the  fame  as  the  modern  fac- 
ebar  mambu  of  the  Indians,  and  the  iabax'ir  of  the  Perlians 
and  the  Arabs.  I  fliall  not,  however,  adduce  all  the  proofs 
which  he  employs,  and  which  have  been  frequently  quoted 
by  others,  but  confine  myfelf  to  a  few  obfervations.  As  I 
never  had  an  opportunity  of  feeing,  as  far  as  I  remember, 
the  fugar' called  mamhu,  as  none  of  it  has  been  imported 
into  Europe  in  mv  time,  wc  mull  confider  it  to  be  that  men- 
tioned bv  thofe  who  have  been  in  India^  and  who  have  often 
feen  tahax'ir. 

The  tree  which  produces  it,  and  which  is  very  common 
in  India,  is  called  by  botanilts  arundo  hain':us\ .  Between- 
its  joints  a  fweet  thick  juice  exudes,  fometimes  in  a  large  and 
fometimes  a  fmaller  quantity.  Every  tree  of  this  fort  does 
not,  however,  exude  that  liquor;  but  thofe  only  which  grow 
in  Bifnaga,  Betecala,  and  part  of  the  province  called  Mala- 
bar; and  for  this  reafon  many  who  fpeak  of  this  tree,  or  reed, 
fav  nothing  of  its  fugar.  This  liquor,  when  found  in  a  con- 
crete llate,  is  fometimes  blackifli  and  fometimes  of  an  afli 
colour,  but  on  that  account  is  not  confidered  to  be  of  a  worfe 
quality.  According  to  the  teftimony  of  Indian,  Arabian, 
Perfian,  and  Turkiih  phvllcians,  the  tahax'ir  is  of  fervice  in 
external  and  internal  heats,  and  alfo  fevers  and  dyfenteries. 
In  the  time  of  Garcias  ab  Orto ;}:,  whofe  words  I  have  hi- 
therto ufed,  this  tahax'ir  was  as  dear  as  filver.  The  name 
Jiicchar  inamhii  fignifies  the  fame  as  fugar  of  mamhu,  as  the 
Indians  give  the  name  of  mamhu  to  the  reeds  or  branches  of 
the  tree  that  produces  it.  Pif-)  §  derives  the  w^ord  tahax'ir 
or  taharxady  for  fo  it  is  read  iit  Rhafes,  who  lived  in  the 

ftrenu'h,  they  arc  full  of  an  a^rccab^e  oxcllent  juice,  and  for  this  reafon 
cf'c  purchafed  at  a  dear  rate  by  the  Tuiks.  Before  they  begin  to  ufe 
thefe  canes,  they  llrip  cfFthe  long  leaves  and  cut  away  the  dry  part  at  the 
top,  fo  that  the  remaining  p'^rt,  which  is  good,  and  full  of  fap,  is  fcarcely 
an  ell  in  length.  Some  of  th(.m  Carry  about  with  them  through  the  ftreets 
canes  prepared  in  this  manner  as  our  boors  do  pipes,  and  cutting  off  bit 
after  bit,  and  peeling  awav  the  rind,  chew  them  publicly  with  great  plea- 
fure ;  for  a:  th.e  bottom  near  th,e  root  they  are  very  f^ppy,  and  as  tender 
betv  een  the  teeth  as  a  lump  of  fugar.'* 

"•'■  S:.lmar.  ad  S^^linum,  p.  719. 

t  Pomct  Aufrichtiger  Mareridlid,   L,i->vr,ig  1717,  p.  114. 

t    Aromatum  ct   Simplici'.nn    IMedicamectorum  Hiftoria,   Antwerpia 

i;74,    p.  .:,9.^ 

0  Piaz.  de  SuccharO;  p.  5. 
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ninth  centurv,  from  the  Perfian  language,  and  explains  it 
bv  the  expreliion  {lac  lapidefcens)^  petrified  niilk ;  but  Gar- 
cias  calls  it  {huvK^rem  laSieum)^  milky  juice. 

I  fliall  now  proceed  to  the  opinion  of  Saumaife,  which  I 
allow  to  be  extreindv  probable.     Tabaxir  is  a  juice  which 
fpontaneoufly  concretes  in  the  manner  of  gunn  on  very  tail 
reeds  ;  it  is  (aid  to  be  Iweet,  and,  like  t\\t  faccbarufn  of  Pliny, 
to  be  ufeful  only  in  medicine.     Tiie  name  facchar  feems  to 
have  been  given  by  the  Indians  fince  the  remotell  periods  to 
xhe  juice  ot  this  reed,  and  latter  ages  have  beftowed  the  fame 
appellation  on  the  juiee  of  oair  Tugar  cane,  becanfe,  when 
condenfed  bv  the  help  of  fire,  it  approaches  very  nCvir  in  a}>- 
pearance  to  the  fugar  of  the  viambu.     Some  of  the  youiig 
reeds  of  the  7nambu  are  fo  fpongy  and  abundant  in  juice, 
that  they  are  chewed  with  great  avidity  by  the  common 
people  on  account  of  their  agreeable  tafte.     But  fome  very 
vveighty  reafons  prevent  me   from  agreeing  in  opinion  with 
Saumaife:  for,  in  the  firft  place,  that  the  reed  called  bamhu 
IS  a  tree  of  fuch  a  fizc  that  canoes  may  be  formed  of  it,  is  no 
argument;  for  it  can  by  no  means  be  proved  that  the  reed 
of  which  Solinus  and  Diofcorides  fpeak,  is  the  fame  plant 
from   which   they  collected  \k\.^x  fa.ccha.rum :    nay,  Solimi5 
fays  in  exprefs  v/ords  that  the   Indians  fqueczed  from   the 
^oots  of  this  reed  a  potable  juice.     But  more  modern  bota- 
nifts  and   travellers,   whole  veracity  is  unqueitionable,  and 
who  were  well  acquainted  with  the  tree,  deny  that  any  fweet 
and  potable  juice  can  be  cxprclTcd  from  its  roots.     Such  of 
the  antients  as  have  fpokcn  of  the  Indian  reeds,  and  prefxing* 
juice  from  them,  ha\e  never  mentioned  Jaccharum  i  on  the 
gther  hand,  thofe  who  exprefsly  mention  jaccharum  do  not 
fay  a  lingk  word  of  fqucczing  juice  from  it.    Befides,  though 
the  juice  of  the  youu!;!  plants  be  of  a  fweet  and  agreeable 
tafte,  yet  the  tears  v.hlch  exude  near  the  joints,   and  are 
condenfed  by  the  heat  oi  the  fun  into  the  form  of  white  pu- 
mice ftone  (for  fLK:h  it  appeared  at  leaft  to  Pifo),  have  no 
hveetnefs  at  all,   or  rather  a  peculiar  tafte  a  little  aftrinfrent, 
and  iimilar  to  that  of  burnt  ivory  *.     For  this  reafon  Rumph, 
who  often   tafted  lahaxir  in  India^  alferts  that  he  found  no 

*  GuL  P'fw'ii  Matrtiffa  Aranatica^  c.  lo.  gv^-p  arfunfta  fj^  P'tfonis  Lihrti 
de  India  ntrivf;ue  Re  'Satv.'-uli  ct  }Acdua\  Avjiftelodami  1658,  r'ol.  p,  \%i  : 
Arundines  mauibu  adolelcentes  medulla  levi,  Icoagirifa  et  liquida  0^"^. 
adeo  fai£ca  ut  vu!g''.rc=;  tanns?  lacchanfcrro^)  rtfettj:;  \r.\M,  ijjum  vuitu-; 
grati  lai">oris  gr^ia  av'it'r'  tx(ligi%  At  ubi  arundines  hs  oroccri:  e:  snnoLtt 
facta;  faerinr,  liquoris  contenti  fuhrcantia,  color,  fapor,  er  effiCacia  ntj-atar 
(ilc'jt  in  nuce  coco  adulta  ctiam  fieri  vidcamus" ,  atque  pauldtim  urctru- 
dirar  fcas,  et  juxu  ic'ernodia  vi  foils  co  ic'-'it--". 
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fwcetnefs  In  it,  and  that  it  approaches  much  nearer  to  amyli' 
than  to  fiicrar  or  fait. 

In  the  lali:  place,  whatever  kind  of  fuhftance  i\\e  faccha" 
rum  of  the  autients  may  have  been,  it  was  not  well  known 
cither  to  ihc  Greeks  or  the  Romans.  It  was  not  in  common 
ijfe,  and  employed  only  in  medi.  ine-  Nor  do  we  read  of 
any  other  fwcet  fubltance' being  ufed  for  feafoning  food, 
wiaking  fweetnieats,  and  prcTcrving  fruit,  than  honey,  in 
which  apples  of  all  kinds  and  even  iiedi  were  preferved  *. 
The  antient  phyfic.ians  alfo  mixed  honey  with  their  medi- 
qines.  in  order  to  render  them  more  palatable.  But  even 
tliis  circumftance  feems  fufticient  to  prove  that  they  were 
not  acx.]uainted  with  our  fugar,.  which  without  doubt  might 
iiave  been  employed  much  more  conveniently  both  for  food 
and  in  medicine.  It  is  true,  indeed,  that  nvany  things  ufed 
for  feafoi:iing  were  employed  iirlt  in  medicine,  and  were 
then,  after  a  loiig  interval,  introduced  into  cookery.  Thus, 
fpirit  of  wine  and  grain  were  long  recommended  for  the  ufe 
of  medicine  under  the  name  o^  aqiia-i'ita: '.  in  the  like  man- 
ner, coffee,  tobacco,  and.  many  other  things  that  now  miniiler 
to  the  luxury  ot  our  table>,  or  are  in. common  ufe,  were  firft 
known  as  medicines.  Even  oranges  were  introduced  into 
cookery  only,  at  a  late  period  'amonq;  the  Romans,  and  were 
not  commonly  eaten.  Oranges,  faid  Pliny  f,  are  not  eaten 
|)ut.  as  a  remedy  for  poifon ;  and  they  were  put  into  ward- 
robes with  clothes  in  order  to  give  the  latter  an  agreeable 
fmell ;{:.  Nor  does  the  ufe  of  oranges,  which  in  modern 
times  are  {o  nccellarv  in  food,  that  the  art  of  cookery  would 
be  at  a  lofs  could  they  not  be  procured,  occur  as  ieafonmg 
in  the  work  of  Apicius.  We  have  reafon  therefore  to  con- 
je<9:ure  \.\\2i\.  J'accharum  was  known  and  ufed  as  a  medicine, 
but  not  as  food.  But  as  the  antients  prepared  a  beverage  for 
which  they  before  uied  common  honey  or  aerial  honey, 
called  at  prefent  wt27z?i^/ §,  why.iliould  they  not  have  tried 
facchL.rn7ii.  '\w  the  fame  manner?  fur 'though  they  had  not 
faccb  .rzim  altogether  purihed,  yet  it  is  evident  that  the  tafte 
of  even  impure  fug^ar  would  have  been  more  agreeable  than 
that  of  the  above  naufeous  irianna.  Nop  is  it  probable  that 
the  antients,  had  they  known  fugar,   would  have  abftained 

:  ■*  C<?/.vwi'//r?,  lib.  xii.  c.  lo:    Il'ud  in   toturn  praecipTerx'um  exillimavi, 
nuHum  eile  genus  pomi  quod  non  poifir  meiii  Jcrv.iri ;   naqiie  cum  fie  ha?c 
■  res  interdam  aierctrintibus  lakitaris  cer.fto,  &c.     See  dX^Q  Apicii  lib.  i.  c.  'i: 
tJt  carries  fine  ("ale  quovis  tempore  fint  recLntes. 
t  Plin.  Hift.  Nar.  lib.  xii.  c.  5. 
+   Atbcn?eus  Qeipnof.  lib.  iii.  c.  7. 
§  Athensus,  lib.  xi.  p.  500. 
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from  It  on  account  of  its  dearnefs,  when  they  fp'ared  natfelng 
in  their  feafonings  that  could  gratify  the  organs  of  tafte» 
Pepper,  for  example,  was  fold  in  large  quantities  at  more 
than  its  weight  in. gold  or  filver*:  neverthelefs^^it  iwas  fo 
much  efteemed  that  it  was  the  mod  commonTof  all  fpiccs, 
and  it  is  icarcelv  ever  omitted  by  Apicins  inriix  hundred 
difhes. — Our  fugar  was  therefore  unknown  to  the  anticnt 
Greeks  and  Romans, 


ll.  Defcripfion  of  a  Dzuaf  of  a  *very  remarhahle  Co? forma* 
tion.     By  Baron  F.  Von  Wurmb,  late  Secretary  to  thi 
Bat  avian  Society  of  the  Arts  and  Sci^Tmsin  He  Ifland  of 
Javaf,  '  ■  '"  '-■  ■  ^ 

jl\  FE\V.  years  ago  there  \vas  feen  at  Batavia  a  native  of 
the  ifland  ofBali;!:,  nafned  Kitip,  who  wasfo  fma1l;  and  at 
the  fame  time  diniinifhed  in'fd  fymmetric  a  manner/ that  he 
deferves  to  be  confidered  as  one  of  the  rareft  phaenomena  in 
the  animal  cEconomy  of  nature. 

His  whole  length  amounted  only  to  t\Vo  feet  efefeA'Indies 
Englifli  meafure,  or  about  33 J  Rhinlandifh  inches;  and  the 
reduction  of  his  body  on  both  lldes  fo  regularly  alike,  that 
the  opinion  of  Buffon  refpe<Sfing  the  power  of  fimple  parts 
afting  on  both  iides  with  equal  force,  from  which  arife  the 
double  parts  on  the  expanfion  of  the  animal  body,  feems  to 
be  fully  confirmed.  The  head,  though  by  far  too  large  for 
the  body  of  this  dwarf,  and  which  might  have  fuited  one  of 
fix  feet,  exhibited  in  other  refpefts  nothing  remarkable. 
His  countenance,  conlideririg  his  race,  was  not  difagreeable, 
as  the  features  feemed  to  exprefs  a  grave  and  not  unpleafant 
difpofuion.  His  hair  was  long  and  black,  but  here  said  there 
a  little  gray,  becaufe  he  had  already  attained  to  the  fortieth 
year  of  his' age.  Like  moft  of  his  countrymen,  he  had  no 
beard.  His  fkin  was  of  a  brovv'nifh  colour.  His  (houldcrs 
were  broad,  and  his  cheft  ftrong.  The  belly  had  the  ufual 
form,  only  that  it  was  too  much  contracted  towards  the 
lower  part.  Plis  arms  were  too  long  in  proportion  to  the 
body,  and  a  little  twifted  or  turned  outwards.  The  lower 
part  of  the  arms  was  only  half  as  long  as  that  above   the? 

•*  Plin.  Hift.  Nat.  lib.  xii.  c.  7. 

t  From  the  TranOiaions  of  the  above  Socletv. 

t  Bali  or  Balci  is  one  of  the  fmall  iflands  lying  on  the  e:5ft  coaft  of 
Java,  the  inhabitants  of  which  carry  on  a  trade  in  Haves  with  Baravia, 
and  procure  in  return  luch  articles  as  they  ftand  in  need  of.  This  liland 
is  called  alfo  Leffer  Java. 

Vol.  Xr.  B  dbowt 


iS  Dcfcrlpiion  of  a  Dxvarf, 

elbow :  tlie  bands  were  fhort,  broad,  and  ■  of  a  round  form 
before.  The  fingers  confided  of  round  ftiinips,  which  were 
totally  loofe,  without  being  ftrongly  connected  with  the  bones 
of  the  hand  behind,  and  which  were  capable  of  no  movement; 
They  were  furni (bed  with  nails,  and  confifted  of  the  third 
row  only  of  the  finger  joints,  as  the  firft  and  fecond  were 
totally  wanting.  Each  hand  had  fix  of  thefe  fhapelefs  fin-. 
ge.'s ;  two  (landing  clofe  together  in  the  place  of  the  little 
finger,  and  the  other  four  in  the  place  of  the  thumb,  the 
fore,  middle,  and  ring  finger.  The  bones  of  the  hand  were 
bent  a  little  outwards,  by  which  means  the  fift  appeared 
rounds  and  the  back  of  it  fomewhat  hollow.  This  fmall 
cavity  was  of  great  fervice  to  little  Kitip  on  account  of  th? 
fhortnefs  and  immobility  of  his  fingers,  efpecially  at  the  time 
of  his  meals,  as  he  ufed  the  back  of  his  hand  inftead  of  a  fpoon 
in  order  to  convey  rice  and  other  food  to  his  mouth.  His 
legs  were  remarkably  {hort;  the  feet  feemed  to  have  grown 
out  from  them  (;uite  folid ;  for,  though  their  motion  gave 
reafon  to  fuppofe  the  exiftence  of  the  bone  of  the  hg  and 
ifchia,  there  was,  however,  no  external  appearance  of  them. 
The  knees  were  entirely  wanting.  The  feet  were  fhort  and 
broad.  Each  foot  had  fix  toes  limilar  in  form  to  the  fingers, 
and  which  had  grown  out  in  the  like  manner— ^but  with  this 
difference,  that  they  were  connected  with  the  feet  by  a  fmall 
part  of  their  round  furface,  and  that  the  two  which  ftood  in 
the  place  of  the  little  toe  adhered  fomewhat  to  each  other. 

This  dwarf  was  born  of  well  proportioned  parents  at  Squo- 
ati,  in  the  ifland  of  Bali,  in  the  year  1740.  He  never  had 
the  fmalleft  intercourle  with  the  female  fex,  nor  (bowed  the 
leaft  inclination  for  it.  It  appeared,  however,  that  he  was 
far  from  having  been  negle&ed  by  nature  in  this  refpe6t, 
and  that  his  continence  arofe  rather  from  an  opinion  he  en- 
tertained, that  if  he  denied  himfclf  the  gratification  of  inter- 
courle with  the  fex  m  this  world,  he  would  obtain  a  more 
perfect  body  in  the  next,  but  that  on  this  fide  the  grave 
he  would  remain  a  deformed  dwarf.  However  much  he  was 
convinced  that  Nature  had  neglected  him  at  his  birth,  he 
neverthelefs  believed  flie  had  given  herfelf  the  trouble  to  pre- 
ferve  him  by  a  miracle,  which  took  place  foon  after  he  was 
bora.  He  related,  in  this  refpcct,  that  his  mother,  afliamed 
of  having  brought  fo  deformed  a  child  into  the  world,  re- 
folved  immediately  to  deftroy  him,  but  found  to  her  afto- 
nifliment,  when  (he  attempted  to  commit  this  barbarous  deed, 
that  her  child  was  completely  invulnerable.  This  miraculous 
circumrtance  filled  her  with  aftoniflmient,  and  coiiduded  her 
back  to  parental  duty. 

Thf. 
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The  following^  are  the  proportions  of  this  dwarf,  accorxling 
to  meafarement : — The  whole  length  2  feet  11  inches.  From 
the  foles  of  the  feet  to  the  commencement  of  the  thighs  9I. 
inches.  Length  of  the  f(X)t  3  inches,  height  of  the  foot  2|- 
inches:  breadth  of  the  foot  before  3-  inches.  Length  of 
the  arm  10'.  inches.  From  the  elbow  to  the  joint  of  the 
wrift  5  inches ;  from  the  joint  of  the  wrift  to  tne  tip  of  the 
middle  finger  2].-  inches.  Length  and  circumference  of  the 
firmer  ^  of  an  inch.   Length  and  circumference  of  the  thumb 

1  inch.  Diltance  from  the  tip  of  the  thumb  to  the  tip  of 
the  little  finger  3I  inches.  Breadth  of  the  fhoulders  i  foot. 
Length  .of  the  head  9  inches.  Circumference  of.  the  upper 
part  of  the  arm  9  inches;  circumference  of  the  wrift  5  inches  ; 
of  the  neck  12^  inches;  of  the  body  at  the  nipples  of  the 
breafl   2  feet  6  inches;    of  the  body  at  the.  navel  2  feet. 

2  inches ;  of  the  thigh  i  foot  7  inches ;  of  the  ancle  9  inches»| 


III.  Dire^ions  for  Tanning' ell  Sorts  of  Hides  and  Skin, 
according  to  the  nezu  Procefs  introduced  hy  ^Ir^  W,  Des* 
MOND.     Communicdted  hy  the  Author,  * 

r 

SIR,  New  Palace  Yard,  Sept.  a  6. 

X  AM  flattered  to  find  that  you  approve  of  the  Dlre^lions  for 
Tanning  y  it  is  certainly  my  wifli  that  this  procefs  fliould  be 
as  generally  known  and  pra6lifed  as  poflible.  The  extent 
and  fuccefs  with  which  it  is  and  has  been  carried  on  during 
the  laft  three  or  four  years  by  fome  of  the  principal  tanners 
in  Warwickfiiire,  Staffordfhire,  and  other  neighbouring 
counties,  n>ay  be  fufficient  inducements  to  all  tanners  to 
make  the  experiment,  and  convince  themfelves  that  lea- 
ther, equal  if  not  fuperior  in  quality  to  the  beft  hitherto 
known,  may  be  manufadlured  in  about  as  many  days  as  it 
generally  requires  months  to  tan  it  well  in  the  ufual  way,  and 
with  lefs  expenfe  of  labour. 

Tanners  in  beginning  the  new  procefs  are  apt  to  be  llartled 
at  the  quantity  of  bark  which  \\.fecms  to  require;  but  a  little- 
refleclion  anci  experience  loon  fatisfv  them  that,  whatever 
mode  tliey  adopt,  the  fame  quantity  of  bark  is  nccefTary  to 
tan  a  pound  or  any  given  weight  of  leather,  and  that  the 
bark  is  much  lefs  liable  to  be  wafled  or  loft  in  the  new  than 
in  the  (lovenly  old  mode :  they  alfo  find  that,  by  proper  ma- 
nagement,  they  cau  give  their  hidej  an  additional  weight. 

B  i  '  eq\ial 
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equal  upotiati  average  t6  ten  per  cent,  upon  each  more  tnaix 
in  the  iifiial  way. 

A  hide,  to  fee  properly  tanned,  niuft  have  imbibed  the 
quafitity  of  tann'wg  necelTary  to  faturate  it;  and  whether  it 
receive' that  quantity  in  one  or  'in  eighteen  months,  it  can 
make  no  difference  in  the  quality  of'the  leather^  bfif  a  very 
rtiaterial  one  i6*  the  manufafturer.  '    . 

The  opinion  that  fo  many  months  were  neceflary  to  taa 
hides,  was  founded  on  the  clumfy  and  injudicious  mode  of 
throwing  the  hides  and  bark  together  in  the  pits ;  but  thi? 
opinion  is  now  rapidly  giving  way^  and  probably  wiH^  witft' 
your  affiftance  and  that  of  other  fcientific  men,  h^  total^ 
exploded  in  lefs  time  than  was  hitherto  required -to  tap  a; 
hide.  Tanners  will  be  much  indebted  to  you  for  yoiir  en- 
deavours to  undeceive  them ;  and  the  public,  I  think,  muft 
be  ultimately  benefited  by  the  general  adoption  of  thi;? 
prpcefs. 

I  am  very  refpeclfully. 
Sir, 
Your  humble  and  obedient  fervant, 
Alexander  TiUoch^  Efq,  William  DE&Mo>TDr 

DireB'ions  for  Tanning i  ^nr- 

AS  that  part  of  the  preparation  of  hides  and  fkins,  pro- 
perly called  tanning,  confifts  in  impregnating  and  faturating 
them  with  a  principle  obtained  from  tan',  by  which  they' 
acquire  ftrengih  and  firmnefs,  preferve  a  fufficient  flexibility/ 
and  become  indiffoluble  and  incorruptible  in  water  either  hot' 
or  cold ;  fo  the  nature  of  this  procefs  is,  ift,  To  afcertain,  bv 
a  fimple  and  certain  criterion,  fuch  fubftances  as  contain  the 
faid  principle  :  ^dly.  To  extra61:  it  from  them,  to  feparate  it 
from  every  other  principle  by  which  its  effect  mieht  be  im- 
}>eded  or  counteracled,  and  to  give  it  the  degree  of  fti*ength 
neceflary  for  the  intended  purpofe  :  \3dly.  To  difpofe  the  hides- 
and' (kins  for  the  introduction  of  this  principle :  and,  4thlv, 
To  impregnate  and  faturate  them  completely  with  the  fame 
in  lefs  than  a  tenth  part  of  the  time  ufually  employed  in  tan- 
ning;- all  which  operations  are  performed  in  the  following, 
manner : 

^Provide  five  iiefTel*,  called  digefters,  of  anv  convenient 
materials  and  dimeniions,  with  an  aperture  at  tlie  bottbm  of 
each  :  let  them  be  placed  near  each  other,  and  elevated  upon 
ftillages  or  othervyifc,  fo  that  a  pail  or  other  fmaller  vefiel 
Ji^iay  be  placed  under  them.     Fill  the  digefters  with  "tan,  that 


O' 

m 


cU  Sort^  QfMdtS  a7id  Skins,  q,% 

ifito,fav,.wItkthtbark  of- <:ertain  trees,  of  oak  for 'inftance 
cut  Imall,  bruifed,  or  ground  to  a  coarfe  powder.   Pour  water 
on  the  tan. in  the  firft  digelter,  where  it  mav  ftand  fome  time, 
or  be  drawn  off  immediately.     This  Uquor  is  to  be  poured  oa 
the  tan  m  the  fecond  digefter,  and  drawn  off  as  before;  theu 
on  the  tan  m  the  third  digefter,  and  fo  on  until  it  comes 
through  the  tan  m  the  fifth  and  laft.  :  The  liquor  is  then 
highly  coloured,  and  marks  from  fix  to  eight  detrrees  on  the 
hydrometer  for  falts.     This  liquor  is  to  be  ufedlor  tannino- 
the  thickelt  hides;  and  may,  for  want  of  a  more  charader- 
iltic  name,  be  called  the  tamiing  lixivium.     It  has  this  pe- 
culiar property,  that  if  you  take  a  fmall  quantity  of  it  in  a 
%h.h  and  pour  on  it  a  few  drops  of  a  fohuion  of  animal  alue 
the  liquor    which  before  was  clear,  becomes  turbid,  and  4 
whitdh  fubitance  falls  to  the  bottom  of  the  glafs.     The  pre- 
cipitate  thus  obtained,  by  means  of  the  folution  of  glue    is 
a  lure  indication  that  the  liquor  contains  the  tanning  prin- 
ciple; for  this  reafon,  that  glue  being  of  the  fame  nature 
with  the  Ikins  or  hides  of  which  it  is  made,  whatever  fub- 
itance unites  itfelf  indiffolubly  with  the  former,   will  do  fo 
hkewife  v/ith  the  latter. 

^  This  folution  is  made  by  diffolving  a  little  common  glue 
in  ^vater  over  a  moderate  fire  :  by  means  of  it,  not  only  oak 
bark,  but  alfo  the  bark  of  feveral  other  trees,  fuch  as  the 
plane-tree,  cheftnut-tree,  the  American  hemlock-tree,  pop. 
lar  elm,  willow,  &c.  as  well  as  divers  fhrubs  and  plants, 
^uch  as  myrtle,  fhumach,  &c.  all  which  I  call  tan,  are  found 
to  contain  the  tanning  principle  ;  and  by  employing  the  fo- 
iution  as  above,  it  will,  in  all  cafes,  be  eafv  to  afcertain  \vhe- 
ther  any  given  fubflance  contains  this  princiole  or  not. 

In  the  courfe  of  thefe  iixiviations  two  things  will  be  ob^ 
lerved  i.  The  liquor  running  from  the  firit  dicrelier,  at 
length  lofes  its  colour.  If  in  this  Itate  vou  take  a  fittle  of  it 
jn  a  glals,  and  repeat  the  former  experiment,  the  liquor  no 
longer  becomes  turbid,  but  remains  clear;  which  Ihows  it 
contains  no  more  of  the  tanning  principle :  but  if  vou  pour 
pto  the  fame  glafs  a  few  drops  of  a  folution  of  fulphate  of 
iron,  the  liquor  becomes  thick  and  black.  This  liquor  is  not 
to  be  poured  on  the  tan  in  the  fecond  digefter,  but  is  to  be 
iaid  by,  and  uied  for  the  depilation,  or  takmg  off  the  hair  or 
wool,  as  will  be  more  particularly  defcribed  hereafter.  It  is 
diltmguifhed  by  the  name  oi gallic  iixiviu7n,  becaufe  it  ap- 
pears to  contain  the  l^ime  principles  as  galls. 

The  liquid  fulphate  of  iron  is  obtained  by  diffolving  a  fmali 
riuantity  of  iron  in  oil  of  vitriol  diluted  with  water,  or  bv  dif- 
loKmg  greeu  copperas  in  water.  This  folution  ferves  to  afcer- 

^3  tain 
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tain  fuch  fubf^ances  as  contain  the  gallic  principle.  L'lme^ 
water  will  alfo  produce  this  etfea.  ,  ;  ,  ,  ,  .  ^^  r 
.  When  the  liquor  ceafes  to  grow  black  by  the  mixture  of 
the  fulphate  of  iron,  it  will  be  ufelefs  to  pour  any  more  water 
Inthe^tan  in  the  firft  digefter.  Th,s  tan,  bemg  exhaufted 
both  of  the  tanmng  and  gallic  prmciples,  muft  be  removed,, 
and  new  tan  put  in  its  place.  ,        , 

2  You  will  obferve  that  the  liquor,  after  runnmg  through^ 
all  the  dis:elters,  at  laft  grows  weak.  Add  to  your  ftock  ot 
tannins;  lixivium  all  the  liquor  that  marks  from  fix  to  eight 
decrees  on  the  hvdrometer.  What  proceeds  afterwards  from 
the  laft  di^Tcfter  is  to  be  poured  on  the  new  tan  m  the  tirlt. 
Then  the^frefh' water  is  to  be  conveyed  on  the  tan  m  the 
fecond  dioefter,  and  the  liquor  of  the  firft  to  be  laid  by  while 
it  marks  fix  or  ei^ht  degrees  on  the  hydroaieter,  and  added 
to  the  tanning  lixiX'ium,  which  muft  always  be  careful  y  le- 
paraled  from  the  callic.  In  this  manner,  the  tan  in  all  the 
diff'^fters  mav  be  rene^ved,  and  the  lixiviations  continued 

The  ^-^m'ber  of  thefe  lixiviations,  as  well  as  the  mode  ot 
makino'ihem,  n.ay  be  varied  at  pleafure;  the  effent.al  point 
^to  rel^eat  them  fo  as  to  give  the  liquor  a  fufficient  degree 
of  concentration,  which  may  be  determined  bv  the  hydro- 
meter, <'^nd  proporiioned  to  the  qmcknefs  required  m  the 
ODcration,  and. the  thicknefs  of  the  hides  and  ftms  to  be 
tanned  -■  all  which  experience  will  foon  teach.     As  all  kinds 
of  tan  are  not  eouallv  sood,  it  will  fomeiimes  happen  that 
fix  or  more.filtratibns  will  be  neceffary  to  obtam  a  lixivium 
of  fix  or  eight  degrees  :  in  this  cafe,  as  well  as  where  a  greater 
quantity  o?  liquor  is  required,  the  number  of  digefters  is  to 
be  increafed,  and  the  fame  method  purfued  as  abm^;  and 
when  a  weaker  lixivium  is  wanted,  three  or  four  tiltrations 

will  be  fufticieni.  ...        «      u  u 

The  perfon  who  direas  thefe  lixiviations  fhould  be  pro- 
vided with  the  folution  of  olue  and  fulphate  of  iron,  already 
described,  in  order  to  afcertain  the  qualities  of  the  diflerent 
lixivia,  as  well  as  with  a  hydrometer  or  areometer,  properly 
graduated,  to  determine  their  degree  of  concentration  or  Ipe. 
cific  gravity. 

Ccw  Hides,  Ox  Hides]  &c, 

1.  Walhing  and  F/.y/^m^.-They  (liould  be  waflied  in 
runnin-  wat.e?,  well  cleaned,  and  fledied  in  the  "fual  way. 

2.  Deplladn,  or  taking  off  the  H^zr.-Immerfe  the  hides 
for  two  or  three  davs  in  a  vat  filled  with  the  gallic  lixivium, 
and  a  mixture  of  fulphuric  acid,  or  oil  of  vitriol,  marking 
-66  degrees  on  the  hydrometer  for  acids,  and  in  the  pi"opQr- 
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^onof  I  10  1000;  that  is,  one  part  of  vitriolic  acid  to  a 
thoiifand  parts  of  gallic  lixivium;  or  i  pint  to  125  gallons 
Dunng  this  immerfion,  the  hair  is  detached  from' the  hides 
in  fuch  a  manner,  that  you  mav  eafilv  know  when  thev  are 
Jo  be  taken  out  of  the  vat,  that  is,   when  the  hair  is  quite 

1    u    }^  '\^^^^  ^"  ^^  ^^'^P^^  °^  "^"^  the  round  knife  otx 
the  horfe  or  beam. 

3.  i?<2£/e7/^.— When  railing  is  neceiTary,  which  is  feldom 
It  ever  the  cafe,  immerfe  the  hides  for  ten  or  twelve  hours  ia 
a  vat  filled  with  water,  and  a  five  hundredth  part  of  its  vo- 
iume  of  mineral  acid,  of  the  fame  quality  as  the  former  and 
the  operation  of  raifing  or  fwelling  is  done.  ' 

4.  Wafh  the  hides  repeatedly,  and  ufe  the  round  knife  • 
then  they  arc  fully  prepared  for  tanning.  ' 

5-   '/^f^^^^/^^.—the  remaining  part  of  the  procefs  confift$ 
in  tanning,  properly  fo  called  :  for  which  purpofe,  fteep  the 
^ides  for  iome  hours  in  a  weak  lixivium  of  only  one  or  two 
degrees  ;  to  obtain   which  vou  may  take  that  \vhich  runs 
trom  the  fecond  digeiter,  or  fome  that  has  been  already  ufed 
tor  tanning      Thev  are  then  to  be  put  in  a  llronger  lixi'vium 
where  in  a  few  davs  they  will  be  brought  to  the  fame  decree 
of  faturat.on  with  the  liquor  in  vyhFch  thev  are  immeK^ed 
J  he  ftrcngth  of  the  liquor  being  then  confiderably  d.miJ 
nifhed,   It  muft  be  renewed ;  and  when  the  hides  are  com- 
pleteiy  faturated,  that  is,  fully  tanned,  which  is  known  bv 
cutting  ot^  a  bit  of  the  edge,  remove  the  leather,  and  let  i't 
dry  flowly  m  a  /hady  place.  '  " 

Calf  Skins,   Goat  Skins,  &c, 

I.  Flefh  them  with  the  knife,  and  work  them  in  runninp^ 
water,  like  the  others.  ^ 

3.  Steep  them  in  lime  water,  in  which  there  fhonld  be 
more  hme  than  the  water  can  diflblve  at  once.  What  is  not 
diifolved  will  lubhde  to  the  bottom,  but  mult  be  mix-d  with 
the  water,  by  Itirring  it  feveral  times  a  day. 

3.  After  two  or  three  days,  remove  the  flcins :  when  the 
iiair  IS  found  quite  Ioofe,fcrape  itofl'on  the  horfe;  wafh  and 
prefs  the  flvins  well,  until  the  water  running  from  them  is 
perfectly  clear,  and  the  lime  totally  extraaed. 

4.  Steep  them  firil  in  a  weak  lixivium,  then  tan  them  as 
above;  but  obfene  that  the  tanmng  lixivium  mult  not  be 
near  lo  Ibong  as  for  the  hides. 

Lime  is  uled  For  thele  foft  Ikins  infiead  of  the  mixture  of 
gallic  hxivium  and  vitriolic  acid,  for  this  reaion,  that  the 
acd  always  fwells  the  leather  more  or  lels,  and  becaufe  the 
June  may  be  more  cafily  extraded  from  them,  bv  wafhinjr 
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and-comprcffincr  them,. than  from   the  thick  ^hides,  whtcft 
when  hmed  are^harih  and  apt  to  crack,  if  the  hme  is  not  to- 
tally extraaed  before  ihey  are  tanned.  ' 
Amonsrlt  the  different  modes  of  immerfion,  which  may  be 
pracYifed  m  thecoarfe  of  theie  operations,  the  beft  way  feems 
to  be  that  ot  fufpendincr  the  hides  and  ikins  vertically  in  the 
lixivia,  bv  means  of  t^anfverfal  rods  or  bars,  and  at  fuch  a 
diftance  aTunder  as  not  to  touch  each  other  in  anyone  point. 
If  ihev  are  laid  out  one  over  the  other,according  to  the  com- 
mon praftice,  they  will  require  frequent  handnng,  in  order 
that  all  the  parts  may  be  equally  latu rated,   and  to  prevent 
the  folds  or  plaits  that  would  othei^ife  be  formed  m  them: 
all  this  would  occafion  a  confiderabie  lofs  of  time  and  labour. 
In  fome  cafes  it  will  be  found  expedient  to  mix  frefli  tau 
from  time  to  tnme  with  the  lixivium  ;  this  «nd  other  modi- 
fications, fuch  as  the  various  ftrengths  of  the  hxivium,  the 
raifino-  or  notraifine  the  hides,  the  ufe  of  the  gallic  lixivium, 
&c.,  which  may  be  found  neceffarv,  will  depend  on  the  Itate 
and  quality  of  the  hides  and  tkins  to  be  tanned,  as  well  as  on 
the  purpofes  for  which  they  are  intended  :  all  ihefe  conlider- 
ations  muft  be  left  to  the  judgment  of  the  manuiadf  urcr,  but 
do  not  in  any  way  alter  or^change  the  principle  ou  which 
this  mode  of  tanning  is  founded. 

Belides  the  very  great  favings  in  point  of  time. and  labour, 
the  leather  tanned^  according  to  the  above  method,  being 
jnore  completely  faturated,  will  be  found  to  weigh  heavier, 
to  wear  better,  and  to  be  lefs  fufceptible  of  moifture^  than  the 
leather  tanned  in  the  ufual  way. 

-   THE  followincr  additional  explanations  may  be  of  ufe  to 

thofe  to  whom  fclentitic  terms  and  chemical  operations  are 

riot  familiar.  ,  j    -i      j- 

T.  Eefpeaing  the  number,  the  difpofition,  and  the  di- 
nienfions  of  the'^disefters.  Five  or  fix  of  thefe  veffels  are  fuf- 
ficient  to  {how,  byway  of  experiment,  the  nature^ of  the 
procefs,  the  differerit  principles  contained  in  the  barK,  how 
they  are  to  be  diftinguiflied  and  feparated  from  each  other, 
&c'.  But  when  the  b°ifinefs  is  conduded  on  a  permanent 
and  extenfive  fcale,  a  much  greater  number  will  be  neceilary, 
not  only  for  the  purpofe  of  fupplying  the  required  quantity 
of  liquor,  butalfo  for  fpending  or  completely  exhaultmg  the 
tan,  particularly  in  cold  weather,  or  if  hard  water  is  uled, 
and  the  bark  not  ground  fine  enough.  I  would  recommend 
twelve  dioefters  at  leaft,  fully  to  anlwer  thefe  purpofes. 

They  may  be  difpofed  in  four  rows  of  three  velTeis  each :  the 
two  middle 'rows  placed  clofe  to  each  other)  the  two  fide  rows 

ieparaleu 
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feptrated  from  them  by  a  paffage  for  a  fmall  cart  or  ^vheel- 
barrow  to  fill  the  digelters  occalionally  wulvnew  tan,  and  to 
re.  love  it  when  fpent.     Th<=  bottoms  ot  the  four  front  d.geft- 
ers,  pr  thofe  ncaleft  the  vats,  Ihould  be  fo.ne  inches  1  .ghcr 
than  the  ed^e  of  the  vats,  fo  that,  when  ''"^ J'l""^  ''  J"     • 
it  may,  by  means  of  a  flioot,  and  turmng  the  cGck  m  the 
dicefter,  run  of  iifelf  into  the  vat  where  U  ,s  wanted.     O^^er 
each  ot  thefe  front  dieefters  is  to  be  placed  a  fecond,  pruje..- 
i'ns  a  little  into  it,  fo-that,bv  turning  a  cock,  the  l.quor  may 
"1  from  the  upp'er  into  the  low.r  d.Sefter,w,thout  the  trou- 
ble .otpumpinc;  and  over  the  fecOnd    a  third  placed  m  tac 
fame  manner  and  for  the  fame  purpofe.  r  „,„„ 

By  this  difpofitioa  of  the  digellers  all  the  labour  of  pump-      , 
in.  is  avoided,  except  from  each  ot  the    oweft  to  the  upper- 
molt  one  uf  the  next  row.     The  four  mftnor  d.gefters  muft 
confeHueirtly  be  provided  with  an  eye  each,  for  the  pump  to 
ftand  in  when  neceflary.  j.  ,     r,„-.^ 

.    Befides  the  cock  or  plug  placed  m  th<^f '  °f '"^  ^Xm 
digelters  which  projects  mlo  thofe  ammediateV  under  them, 
there  mult  be  another  in  the  fide  for  the  purpofe  ot  conve  .ng 
the  liquor  into  the  vats,  when  necellarv,  bv  n^eans  ot  a  ftool 
As  to  the  dimenfions  of  thefe  vefle  s,  their  depth  fl.ould 
not  exceed  two  foet  and  a  half,  or  three  feet  at  moft;  but 
S.ey  may  be  as  wide  as  the  breadth  of  the  feed  or  butldmg, 
vvhlre  they  are  creeled,  wtU  admit;  and   'f'^^f  ^Sf^" 
contain  half  a  ton  of  bark  at  a  tuiie    the  better  w  11  thev 
anfwer  the  defired  end.     They  ihould  be  made  ot  «ood,  and 
not  pitched .     Metallic  or  bnck  d.gelters  won  d  g;<^3^  P"J"^^ 
the  liquor;  no  cement,  or  mortar  made  ot  lime,   llu.uld  be 
ufedm  thorn,  becaufe  Ume  deltroys  all  the  tanning  prmciplc 
with  which  it  comes  in  contaft. 

Though  thefe  obfetvations  are  applicable  chiefly   where 
new  dieefters  of  the  moll  convenient  form  are  to  be  erected, 
vet  evel  in  old  tan  yards,  where  fome  of  the  pits  already  m 
-ufe  may  be  converted  into  digelters,  their  number  and  depth 
£uTd  le  attended  to.     There  ihould  be  twelve  o  them,  a 
leaft    if  poffible,  for  the  realons  already  afligned  ;  that  .=,  tot 
fupp  vng  the  neceffarv  quantity  of  liquor,  and  completely 
exhauftit  the  tan  :  their  depth  ftiould  not  exceed  three  teet, 
that Te  p'refllire  of  too  high  a  column  ot  bark  may  not  pre- 
vent the  water  from  diffolvmg  all  Us  parts  equally,  and  tha 
Ihe  tan  bv  cfoddin..,  which  it  is  apt  to  do,  may  not  prevent 
Se  iquor^from  ru.ming.     No  more  water  fliould  be  poured 
c«x    hVtan  than  is  ftTfticient  to  cover  U,  and  therefore  the 
ejes  of  thefe  fpender*  ftiould  be  no  larger  than  is  ablolutely 
jieceffary  for  the  pump  to  I'taixd  in.  j. 
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It  is  fcarcely  neceflary  to  add.  that  the  bark  as  well  as  the 
iiifufio!iS  Ihould  be  carefully  protected  from  rain,  fnovv,  and 
hail,  which  would  injure  them  materially  ;  and  even  from 
froll,  if  poffible,  becaufe  the  operation  of  the  hquor  when 
frozen  is  totally  fufpended. 

2.  Five  or  fix  days  are  generally  fufEcient  for  the  immcrfion 
of  the  hides  in  the  fame  va»s,  as  by  that  time  they  come  to 
an  equilibrium,  in  point  of  faturatio'n,  with  the  liquor;  that 
is  to  fay,  they  acquire   all   the  flren^th  the  liquor  can  give 
thf.m.     They  are  then  to  be  Ihifted  mto  a  ftronger  infufion, 
where  they  may  remain  ♦he  fame  number  of  days.     In  mild 
weather,  if  the  liquor  is  of  a  proper  ftrength,  three  or  four 
immerfinns,  of  live  or  fix  days  each,  will  be  fufficient  to  taix 
the  hides,  which  in  the  old  mode  require  eighteen  or  twenty 
months  to  be   completely  tanned.     To  keep  them  longer  in 
the  fame  liquor  would  be  fo  much  lime  loft,  as  in  making 
the  infufions  it  would  be  a  lofs  of  time  to  let  the  liquor  ftand 
more  than  a  couple  of  hours  on  the  fame  tan.     It  is  not  the 
length  of  time  during  which  the  fame  water  ftands  on  the 
bark,  but  the  number  of  waterings,  that  will  completely  fe- 
narate  the  tanning  principle  fro'm  it.     As  the  heavieif  and 
bed  part  of  the  liquor  always  falls  to  the  bottom  of  the  vats, 
it  fliould  be  (iirred  up  from  time  to  time. 

^  3.  The  \\\z  of  the  folution  of  glue  ihould  not  be  neglected. 
Since  this  folution  has  been  made  known  as  a  teft  for  afcer- 
taining  the  prefence  of  the  tanning  principle  in  the  infufiong 
of  dittereni  kinds  of  bark,  a  great  variety  of  them  have  been 
already  iound,  and  many  others  mav  yet  be  difcovered,  to  be 
excellent  fubititutes  for  oak  bark;  and  in  proportion  as  their 
life  becomes  gt  neral  it  will  neceflarily  lower  the  prefent  high 
price  of  the  i  itfer  article,  and  fave  many  young  oaks. 

Amongft  the  barks  already  found,  by  means  of  this  teft, 
to  coniam  the  tanning  princple  in  a  greater  or  lefs  propor- 
tion, the  princifial  are  thofe  of  the  following  trees,  viz. 
widow,  alb,  hazel,  Spanish  cheiinut,  poplar,  fallow,  cherry- 
tree,  birch,  fycamore,  plum-tree,  beech,  and  elder. 

4.  lu  tan  yards  where  there  is  not  a  fufficient  body  of 
running  water  for  foaking  and  waOiing  the  fkins,  in  order  to 
extracf  the  lime  from  them,  the  prel'ent  mode  of  extradling 
it  in  grainers,  by  means  of  pigeon's  dung,  hen's  dung,  or 
other  alkaline  fubflances,  may  be  continued ;  but  the  ikins 
ihould  never  be  put  into  the  fame  liquor  in  which  hides  un«. 
haired  with  the  gallic  and  vitriolic  acids  have  been  tanned. 
The  ufe  of  thefe  acids  is  not  abiblutely^necelfary  either  to 
{horten  the  time  or  produce  good  leather,  but  when  ufed  will 
be  found  to  add  coniiderably  to  iis  weight. 

5-  By 
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-  1;  Bv  nienis  of  the  hydrometer  the  comparative  value  of 
all  forts  of  b.rk  may  be  eafily  determmecl.  For  this  purpofe 
take  equal  quantities  of  the  barks  to  be  compared;  mfufe 
them  the  fame  number  of  times  in  equal  quantities  of  water, 
and  the  hydrometer  will  fliow  theiir  relative  ftrength  or  value. 

iV,  On  tie  attraaws  Power  of  Bodies  foafmg  on  Water. 
£>>  Dr.  G.  Carradoki  *. 

If  a  few  fmall  dry  bodies,  fuch  as  bits  of  dry  leaves  or  faw- 
duft,   be  tiirown  into  water  and  immerW  at  about  tlv^  di- 
ftanceofan  inch  under  each  other,  durmg^t.ie  time  of  ._m- 
merfion  you  will  fee  the  bodies  leparate  the.,-eives  a  ;;..  e 
from  each  other,  owing,  as  tnay  be  read.iv  eDnceiyeu,  to  .ne 
effeas  of  the  motion"  occafioned  by  immerfing  tiieni  ii.  the 
fluid.     If  vou  then  bring  one  of  thcfe  bodies  near  to  anciner, 
the  latter  will  every  where  follow  the  other,  %vhe.her  you  im- 
nierfe  it  deeper,  ralfe  it  above  the  water   or  move  ,1  horizon- 
tally ;  and  both  bodies  will  hang  to  each  oiiicr,  and  taus  ex- 
ercise a  kiod  of  attraaive  force.     Th.s    however,  is  no     he 
efifea  of  the  reciprocal  attrattion  of  the  bodies;  tc,  in  tn. 
firft  cafe,  that  is,  when  you  immerfe  the  one  Do.y  deeper, 
the  Cher  will  endeavour'to  approach  it,  bec.ufe  a  canty  or 
circular  vacuity  is  produced,  in  which  it  muft  then  follow 
the  current;  and  the  caufe  of  this  is,  that  the  cohefive  powe* 
of  the  water  is  not  fo  ftrong  as  the  aitraftion  wnith  it  ex- 
ercifes  over  that  bodv,  and  therctore  its  furface  always  yields 
more,  and,  keeping  behind  the  body,  puflies  u  forwards,  and 
as  it  were,'  fwaliov^s  it  up.     This  pho^nonienon  is  exlubued 
by  all  floating  bodies  which  attraa  Uvo  water;  for  t.,ey  tol- 
low  the  fame  movement,  which,  according  to  the  adhefiou 
which  it  has  with  the  body,  either  nies  upwards  or  iinks 

°As'it  has  been  obferved  that  all  bodies  which  contain  a 
certain  volatile  or  fixed  oil,  orrefm,  have  an  extcnfive  power, 
whether  they  be  fluid  or  hard,  and,  in  the  lalt  cafe  Aat  they 
fall  into  duft  as  foon  as  they  are  applied  t.,  the  furface  of  the 
water,  I  am  of  opinion  that  all  tubSances  which  exhio.t 
fuch  a  phenomenon  contain  a  common  oil,  or  relin,  which 
gives  rife  to  it.  I  will  not  here  mention  that  ierics  oi  bodies, 
in  of  an  oily  or  refinous  nature,  with  uhich  I  mace  experi- 
ments; but  I  can  affi-rt  that  thcv  all  produced  tms  ei.cct  m 
a  greater  or  lefs  degree.  Milk  for  example,  which,  aa  e^ery 
*  From  GiarnaU  Fif^^o.iUdic,  ty  ErJ£nate!l.,  %'ol.  iV, 
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one  knows,  is  an  exprefled  julce^  extends  iifelf  upon  water, 
as  well  as  the  milky  juice  of  the  tithymalus  and  other  plants 
of  the  like  kind,  though  vifihly  with  lefs  force;  and  therefore 
there  is  no  rcafon  to  doubt  that  the  farina  of  fruits  and  other 
feeds  is  of  the  fame  nature  as  an  exprefTed  juice,  as,  both  in  a 
hard  and  fluid  flate,  it  extends  itfelf  on  the  water  in  the  fame 
manner  as  the  miikv  juice  of  plants.  The  caufe  of  the  greater 
velocity  with  which  farina  fpreads  i.tfclf  on  water  than  milk  and 
the  milky  juice  of  plants,  ought,  in  my  opinion,  to  be  afcribed, 
without  all  doubt,  to  the  refinous  parts  which  form  a  differ- 
ence between  it  and  milk,  as  the  latter  contains  a  fixed  oil. 
This  is  the  cafe  not  onlv  in  regard  to  common  meal,  but  alfo 
in  regard  to  the  tuberous  roots,  all  the  grafles,  and,  in  ge-i 
neral,  all  plants ;  and  befides  thefe,  the  farina  of  a  great  num- 
ber of  feeds  of  various  kinds,  both  inflammable  and  incom- 
buftible,  with  which  I  made  experiments  :  mealy  fruits^have 
this  property  in  an  eminent  degree;  and  on  this  account  we 
have  reafon  to  affert  that  all  of  them  have  a  fuperabundance 
of  refinous  particles,  and  that  they  muft  afford  nouriftiing 
food.  There  is  reafon  to  believe  that  the  refinous  part  of 
corn  or  fruit  confifts  in  the  gelatine,  and  therefore  I  ima- 
gined that  ftarch,  as  a  kind  of  mucilage,  muil  be  deprived 
of  its  property  of  extending  itfelf  in  water;  but  it,  however, 
poilcffes  that  property,  though  in  a  lefs  degree  than  meal. 
We  cannot  therefore  refufe  to  admit  in  it  a  refinous  fub;ftance 
a1fo.  It  muft,  however,  be  a  fubfl:ance  more  mucilaginous 
than  gelatine  itfelf,  or  refin ;  and  we  mull  afcribe  the  differ- 
ence of  thefe  two  fubftances  to  the  proportion  of  this  prin- 
ciple, and  perhaps  alfo  to  its  different  combinations. 

Real  gum,  when  divided  into  as  fmall  particles  as  poffible, 
has  an  extenfive  movement  on  the  furface  of  the  water  alfo, 
r  therefore  confider  gum,  refinous  gum,  and  refin,  to  be  al- 
moft  degrees  of  one  and  the  fame  fubfi:ance. 

When  I  was  making  experiments  of  this  kind  with  differ- 
ent fubftances,  a  thought  ftruck  me  to  pound  a  piece  of  bread, 
made  of  dry  grain,  and  to  make  experiments  with  it  alfo,  in 
order  to  afcertain  whether  it  ftill  retained  the  property  of 
meal,  and  I  found  that  it  ftill  exhibited  the  fame  pha?no- 
menon.  This  induced  me  to  conclude  that  the  refinous  part 
of  meal  is  defiiroyed  neither  by  fermentation  nor  the  procefs 
of  baking. 

Before  I  quit  this  fuhjecl  it  may  not  be  fuperfluous  to  in- 
form thofe  who  may  wifli  to  make  experiments  of  this  fort, 
particularly  with  a  view  to  difcover  thofe  fubftances  which  con- 
tain oil  or  refin,  what  cautions  muft  be  ufcd  to  prevent  them 
from  falling  into  errors.     Their  firil  care^  then,  ought  to  be, 
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that  the  \\'?iter  en  which  the  fubftance  with  which  th<?\rmca!t 
to  make  their  experiments  is  thrown,  may  have  a  large  fur-- 
face,  and  the  experiment  will  be  decifive  when  it  is  performed 
in  a  velTel  into  which  the  water  flows  and  nms  out^  or  in  a- 
river  or  pond. 

If  the  experiment  be  made  in  a  veflel  filled  with  water, 
oily  impurities  may  eafrly  adhere  to  the  fides  of  it,  and  thus' 
preveiit  the  effect'  as  they  will  occupy  the  furface  of  the 
water/   '  ' 

Care  mtift  be  tak*n  alfo  that  no  oily  fubftance,  of  what- 
ever nature,  may  have  been  previoufly  adhering  to  the  velTel; 
for,  in  that  cafe,  the  experiment  would  fail. 

The  t^^aporation  of  the  bodv  may  alfo  occafion  decep- 
tion. I  have  mvfelf  obferved,  that  when  the  hand  is  rubbed 
under  the  armpits,,  over  the  forehead*  or  on  any  other  part 
of  the  body  from  which  more  oily  evaporation  proceeds  than 
from  others,  and  if  a  piece  of  eafth  be  taken  in  this  hand  and 
placed  on  the  water,  an  extenfive  movement  immediately 
takes  place.  The  fame  thing  may  happen,  if  the  fubftance 
with  which  the  experiment  is  made  be  held  a  long  time  in 
the  hand.  It  is  therefore  neceflary  to  wafh  the  hands,  and^ 
after  thev  have  been  well  dried,  to  proceed  to  the  experiment 
by  throwing  the  fubftance  on  the  water  from  a  fmall  fpoon. 
It  mav  thence  be  readily  canceived  what  errors  may  arile  if 
all  thefe  precautionary  rules  are  not  obferved. 
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>ELIEF  in  the  influence  of  the  ftars  on  the  fortune  and 
characler  of  man,  together  with  the  attention  alwavs  un- 
avoidably given  to  the  meafurement  of  time,  preferved  fome 
knowledge  of  aftronomv  among  our  anceftors  even  in  the 
darkeftages  of  modern  Europe,  and  rendered  it  one  of  the  flriu 
obje^ls  of  zealous  lludy  at  the  aera  of  the  general  revival  of 
learning  and  fcience.  The  alchemical  dream  of  the  converti- 
bility of'  all  bafer  metals  into  gold,  engaged  many  an  enthulinft 
t>nd  many  an  impollor  in  experiments  in  chemiftrv,  from  the 
earlieft  period  in  modern-  hiilory  from  W'hich  we  have  any 
infbrmaiion  of  the  purfuits  of  the  inquilitivc  and  the  learned. 
The  ufes  of  common  life,  and  the  refloration  of  this  part  of 
the  fcience  of  the  antient?^  encouraged  and  advanced  the 
ftudy  of  mechanlo?  even  in'  the  fifteenth  and  fixteenth  ceiw 
ti^ries.  '  N<f  other  branch  of  phyljcal  tcieiK;«-but  tjie-f^;  threo 
^-  had 
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had  been  much  or  fuccefsfully  lludied  by  the  moderns  before-^ 
the  da\s  Of  Bacon. 

It  was  the  grand  merit  of  Bacon,  that  he  turned  mankind- 
from  inveftigating  in  fclence  '*  merely  the  relations  of  exift»-'r 
cnce  (m  general  vei  /  imperfe8:!v  known),  and  of  words/* — 
*'  to  acquaint  themielves  more  fully,  by  the  experiments  of 
the  fenfes  and  of  auxiliary  inftruments,  with  exigence  in  its 
difterf  ut  fenfible  modificatians,  and  with  the  mutual  relations, 
of  the   various  parts  of  material  exiftence  to  one  another." 
Science   was  thus  at  once  reduced  to  "  experience,  and  the 
arrangement  of  the  facts  which  experience;. afcertained/'  The 
imitcd  inquiries,  obfeivations,  and  memoranda,  of  as  many 
as  pofli  )!e  of  the   intelligent   and  enlightened  part  of  the 
human  race,  were  henceforth   underftood  to  afford  the  only 
means   for   its  true  inTprovement.     Men   became  now  ifirft 
fenfible,  thatj  bv  due  inveftigation  of  the  qualities  and  the 
phaenomena  of  matter,  they  might  difcover  modes  of  fcience 
unknown  to  the  antients.     And  the  neceffity  for  the  aflfocia- 
tion  of  philofophers,   in  order  to  the  accomplifhment  of  the^ 
great  purpofes  of  philofopliical  inquiry,  was  from  this  time, 
by  thofe  who  adopted  the  views  of  Bacon,,  ,warmly  acknow- 
ledged. 

It  dwelt  much  upon  the  minds  of  the  ingenious  and  inqui- 
fitive  in  England.  Milton's  plan  for  a  new  feminary  and 
courfe  of  education,  in  his  letter  to  Hartlib,  feems  to  have 
been  fugnefted  by  this  fundamental  idea.  Cowley's  propofal 
of  a  philoiophical  college,  to  be  eftabliflied,  with  an  income 
of  four  thoufand  pounds  a  year,  at  Chelfea,  was  a  line  model 
for  the  union  of  a  fchool  with  a  fociety  for  the  advancement 
of  phvfieal  knowledcxe.  It  was  within  a  few  years  after  the 
death  of  Charles  the  Firlt,  that  a  few  of  thofe  perfons,  v^•ho 
U'ere  afterwards  incorporated  in  the  Royal  Society  of  London, 
began  at  Dr.  Wilkins's  lodgings,  in  Wadham  college,  Ox- 
ford, thofe  philofophical  meetings  which  were  to  be  in  that 
fociety  continued. 

Thefe  were  aimed  the  firft  philofophical  meetings  in  Europe 
for  the  advancement  of  phylical  knowledge.  There  were  in 
Italy  more  than  forty  academies,  for  the  refining  of  the  Italian 
language  and  the  fecial  ftudy  of  the  fine  arts.  But,  though  the 
iocietiesofarchitecls,fculptors,and  painters,  might  make  fome 
inquiries  and  obfervations  relative  to  thofe  parts  of  phyfics  in 
which  their  refpe<!:tive  arts  were  immediately  concerned ;  yet 
the  opprobrium  of  atheifm,  which  was  charged  againft  the 
earlier  natural  philofophers  in  that  country,  had,  with  other 
.(;$ufes,  hitherto  prevented  focieties,  with  exprefs  andexclufive 
views  to  phyficiil  difcovery,  from  there  ariling.     In  France, 
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tm  academv  had  been  inftituted  at  Paris  for  the  refinement  of 
Ihe  French  language.  A  limiUir  eftabliOiment  becran  to  be 
formed  at  Caen.  At  Aix,  in  Provence,  the  illuftrioas  Peirefc, 
the  Robert  Bovle  of  France,  not  only  correfponded  with  the 
Bioft  eminent  and  ingenious  men  in  Europe  on  almoft  every 
interelting  fubjecl  in  phvfics  and  in  the  ftudv  of  antiquities, 
but  engaged  his  friends  often  to  affemble  in  his  houfe  for  the 
mutual  communication  of  their  obfervations  and  difcoveries 
as  well  in  natural  philofophv  as  in  every  other  part  of  know- 
kdge.  But  the  inftitution  of  an  academy  of  fciences  was 
referved  to  diftinguifh,  at  a  period  fomewhat  later,  the  mi- 
niftry  of  Colbert,  and  the  moll  fplendid  part  of  the  rei^n  of 
Lewis  the  Fourteenth.  The  profeiVors  in  the  German  uni- 
verfities  occafionally  met  and  converfed  about  the  fubjecSts 
and  ends  of  their  ftudies;  but  in  thefe,  phyfical  fcience  had, 
hitherto,  but  fmall  (hare;  and  there  was  not  as  vet,  in  Ger- 
many, any  feparate  company  of  philofophers  aflbciated  for 
the  invettigation  of  the  laws  of  material  nature. 

Dr.  Seth  Ward,  the  Hon.  Robert  Boyle,  Dr.  Wilkins^ 
Sir  William  Petty,  Mr.  Matthew  Wren.'  Dr.  Wallis,  Dr. 
Goddard,  Dr.  Willis,  Dr.  Bathurft,  Dr.  Chriitopher  Wren, 
and  Mr.  Rooke,  were  the  principal  perfons  who  alTociated 
at  the  meetings  in  Wadham  collefre.  Thev  met  rather  to 
perform  experiments  than  to  difcourl'e  about  them.  Mecha- 
nics and  chemiftry  were  tlie  branches  of  fcience  to  which 
their  firft  experiments  chieflv  related.  In  the  year  1658  the 
kene  of  their  meetings  was  transferred  from  Oxford  to  Gre- 
fliam  college,  in  London.  Their  numbers  were  here  foon 
confiderably  augmented.  Their  mectinos  were,  for  a  time, 
interrupted  by  the  difturbances  which  enfued  between  the 
ufurpation  of  the  Cromwells  and  the  reftoration  in  1660. 

At  the  reftoration,  two  Scotfmen,  Sir  Robert  Morav,  of 
Tibbermuir,  and  a  Mr.  Erfkine,  who,  having  followed  the 
king  in  his  exile,  had  now  influence  at  court,  eagerly  ioined 
the  philofophical  meetings  at  Grefham  college,  and  per- 
fuaded  their  ibvereign  to  take  the  riling  fociety  under  his  ov.ii 
fpecial  patronage.  A  roval  charter  was  foon  after  firaiited, 
incorporating  thefe  philofophers  into  a  body,  to  confiit  of  a 
prelident,  a  council  of  one-and-twcnty  members,  and  an  in- 
determinate number  of  fellows.  William  Lord  V'ifcount 
Brounker  became  their  firft  prefident.  The  inftitution  svas.. 
for  a  time,  very  much  an  objecl  of  fiifhionable  attention  at 
court.  The  king  hin^lelf,  as  the  patron  and  founder,  tht 
duke  of  Buckingham,  prince  Rupert,  the  earl  of  Clarendon,' 
tlic  firft  earl  of  ^haftefoury,  Monk  duke  of  Albemarie,  duk-i 
Albert  gf  Bruufwick-Lun-Juburch.,  the  earl  of  l^eterborough. 
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were  enroled  at  the  head  of  a  number  of  diftiriguidied  namc^ 
in  the  firfl  lift  of  the  members — Ornne  ignotuni  pro  mtralili*. 
:For  a  time,  the  molt  extravagant  enthutiaftii  was  excited  in 
favour  of  the  new  fociety,  and  from  its  exertions  an  improve- 
ment the  moil:  extraordinary  of  all  the  arts  of  hfe  was  exn 
pe6led  at  once  to  enfue. 

The  meetings  of  the  fociety  continued  after  its  incorpora- 
tion by  charter,  as  before,  to  be  held  at  Greiham  college. 
They  took  place  every  Wednefday  in  term  time,  immediately 
after  the  lecture  of  the  profelTor  of  aftronomy  in  that  college, 
and  were  eagerly  attended  by  the  members.  Dr.  Croone, 
with  the  title  of  regifter,  had,  at  firft,  the  care  of  recording 
the  tranfaftions  at  thefe  meetings  in  journals.  It  was  after- 
wards committed  to  Dr.  Wilkins  and  Mr.  Oldenburgh,  the 
two  firft  fecretaries.  Cowlev  had  demanded  a  revenue  o£ 
four  thoufand  pounds  a  year  for  his  projected  college  at  Chel- 
Jea  ;  but  the  Royal  Society  was  fupported  without  any  public 
fund,  fimply  by  the  voluntary  contributions  of  the  gentlemea 
of  whom  it  was  compofed. 

7'he  fociety  entered  upon  its  refearches  with  views  at  once 
magnificent  and  philofophically  modeft.  It  propofed  but 
^'  to  make  faithful  records  of  all  the  works  of  nature  and 
art."  By  thefe  it  hoped  to  explode  errors,  to  reftore  neg- 
]-e(9:ed  truths,  to  apply  philofophv  to  the  ufes  of  life,  and 
to  open  up  the  avenues  to  future  difcovery.  It  profefTed  to 
admit  into  iis  affociation  men  of  all  religions,  all  countries, 
all  conditions  and  employments  in  life.  They  propofed  to 
derive  ufeful  truth  not  only  from  the  learned  and  profefTed 
philofophers,  but  from  the  fbops  of  mechanics,  the  voyages 
of  merchants,  the  ploughs  of  hufbandmen,  the  fports,  filh- 
ponds,  parks,  and  gardens,  of  gentlemen.  Some  hciitated 
whether  Mr.  Grant,  a  fm?.ll  ihopkeeper  in  London,  the 
author  of  fome  excellent  obfervations  on  the  bills  of  mor- 
tality, fliould  be  received  into  fuch  a  company  of  philofo- 
phers. But  king  Charles,  on  perufing  his  obfervations,  not 
only  recommended  his  immediate  admiflion,  but  defircd  that^ 
tiiey  would  add  to  their  number  as  many  Ihopkcepers  as  pof- 
fible  of  equal  endowments. 

In  their  refearches  tliey  would  not  trud  the  reports  of 
others  in  anv  cafe  where  thev  could  bring;  the  matter  under 
the  examination  of  their  own  fenfes.  In  fome  inftances 
thev  allowed  particular  members  to  choofe  whatever  fubjects 
thev  fliould  think  proper;  to  inftitute,  at  pleafure,  any  train 
of  experiments  on  them  ;  to  defray  the  expcnfe  from  tlic  purfe 
of  the  focictv ;  and  then  to  report  at  the  meetings  the  ieries 
and  the  rcfults  of  the  cxpcrimenls  thev  had  thus  made. 
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Other  experiments  were  exprcfslv  ordered  bv  the  voice  of  the 
whole  fociciy,  and  were  intrufted  in  the  perfomi'ince,  not  to 
fingle  perfons,  but  to  committees  nominated  tor  the  occafion.' 
For  in»]uiry  concernina"  things  at  a  diitance,  they  had,  very 
earlv^bcgun  a  correi'pondcncev.ith  the  incjuifitivc  and  enlight- 
ened in  ahiioft  every  different  part  of  the  world.  At  many  expe- 
riments in  the  parks,  in  the  royal  gardens,  and  on  the  Thames, 
the  kino;  himfeif  zealouflv  ailiftcd  in  pcribn.  Mr.  Huygens, 
tile  famcHis  j)lii}ofopher  in  Flanders,  received,  Toon  after  the 
inftitution  of  this  focietv,  its  frequent  alUdarice,  and  com- 
municated to  it  all  his  difcovcries  and  inventions;  in  parti- 
cular, that  nolde  one  of  the  firft  application  of  the  motion  of 
pendulums  to  clocks  and  watches.  The  philofophers  of  Flo- 
rence, and  efpeciallv  the  grand  duke's  brother,  prince  Leo- 
pold, entered  into  friendlv  corrtipondence  with  the  Enofliih 
philofophers,  and  acquainted  them  with  everv  new  obferva- 
tion  that  was  made  on  nature  in  Italv.  The  Germans  no 
fooner  heard  of  this  inftitution  than  thev  fcnt  nianv  of  their 
books  to  be  fubmittcd  to  its  cenhire,  and  contributed  like- 
wife  prefents  of  various  new  inltrunients  of  their  invention. 
The  travellers,  phviicians,  furgeons,  anatomills,  &c.  of 
France  were  peculiarlv  earlv  and  frank  m  their  communi- 
cations to  it.  'i'he  Academy  of  A ris  and  Sciences  at  Paris 
was  foon  after  embodied  in  imitation  of  this  focietv:  and  the 
example  of  the  Englidi  was  quicklv,  more  or  lefs,  followed  in 
almoit  every  country  of  Europe  in  favour  of  the  phylical  fci- 
en^es  and  the  vHdivv^i  arts. 

1  he  expehmentb  which  king  Charles  the  fecond  was  the 
moft  attentive  to,  related  chiefly  to  chemiftry  and  mechanics. 
He  would  often  amufe  himfeif  at  Whitehall  in  the  execution 
of  curious  mechanical  works.  He  had  alfo  in  his  palace  a 
i'mall  laboratory  for  chemical  operations.  Jrk^  made  aftrono- 
iViical  obfervations,  upon  various  occafjons,  in  Saint  Jarnc>  5 
Park.  He  was  excetdinuly  curious  in  directing  the  inquiries 
of  the  fociety  to  everv  thing  th?t  concerned  th^  improvement 
of  the  art  of  (hip-building.  He  attended  and  directed  dif- 
ferent experiments  at  the  Tower  of  London,  as  well  as  at 
Whitehall,  to  afcertain  the  forces  of  proje6liles,  with  their 
variations  in  different  circumitances. 

In  their  early  meetings,  the  members  of  the  fociety  were 
at  great  pains  to  diftinguii'h  what  objects  were  the  worihieft 
of  their  nrll:  inquiries.  Some  were  direfted  10  examine  all 
'^  treatifes  and  defcriptions"  of  the  natural  and  artiricial  pro- 
ductions (jf  foreign  countries  :  others  were  commiihontd  to 
difcourfe  with  feamen,  travellers,  tradcfmen,  and  merchants, 
by  whom  tho.^e  countries  and  their  produ(?tions  had  been  ner* 
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fonallv  examined.  From  the  union  of  the  viva  voce  v;\th 
the  written  intelligence  papers  were  formed,  explaining  fum- 
marily  what  was  known  concerning  every  different  country, 
and  what  remained  to  be  yet  inquiretl  into.  Thefe  papers 
were  read  at  fubfequent  meetings ;  and  queries  were  then 
drawn  from  them,  to  be  tranfmitted  for  anfwers  to  the  fo- 
cietv's  foreign  correfpondents. 

One  fet  of  queries  which  were  prepared  among  the  earlier 
labours  of  this  fociety,  had  for  its  obje6l,  to  mark  "  what 
things  were  needful  to  be  obferved  in  order  to  the  making  of 
a  natural  hiftory  in  general."  They  formed  fimilar  queries 
refpe6ling  the  hiftories  of  the  air,  atmofphere,  and  weather; 
of  the  produ6iion,  growth.  Sec.  of  vegetables ;  of  agriculture, 
&c.  They  marked  out  trains  of  experiments  to  be  tried  on 
yarefattion  and  condenlation ;  on  the  petrifaction  of  wood; 
on  the  loadftone ;  on  the  difcoveries  wanted  to  complete  the 
fcience  of  auatomy  ;  on  injections  into  the  blood  of  animals, 
and  on  the  transfufion  of  the  blood  of  one  animal  into  an- 
other :  on  the  tides  of  the  fea  ;  on  the  varieties  of  oyflers,  and 
the  manner  of  their  nourifhment ;  and  on  the  phenomena 
of  mines.  Thev  gave  direftions  to  feamen  for  the  obfervation 
of  the  eclipfes  of  the  moon,  the  eclipfes  of  the  fun  by  Mer- 
cury, and  the  fatellites  of  Jupiter.  They  fent  abroad  direc- 
tions for  obfervations  and  experiments  to  be  made  in  India, 
China,  the  ifland  of  St.  Helena,  Teneriffe,  Guinea,  Bar- 
barv,  Morocco,  Spain,  Portugal,  Turkey,  France,  Italy, 
Germanv,  Hungary,  Tranfylvania,  Poland,  Sweden,  Ice- 
land, and  Greenland. 

One  of  the  fi«*ll  anfwers  they  received  to  their  inquiries 
concerning  foreign  countries,  was  fent  from  Batavia  by  Sir 
Philiberto  Vernatti.  It  correCled  an  error,  prevalent  in  Eu- 
rope, '•'  that  diamonds  and  other  precious  ftones  were  in  the 
Indian  ifles  continually  renewed,  as  by  vegetation,  in  the 
quarries  out  of  which  thev  were  taken.'*  It  informed  them 
of  the  exiftence  of  a  volcanic  mountain  in  Java,  and  another 
in  Sumatra./  It  exploded  a  vulgar  error,  which  one  fhould 
have  thought  to  be,  even  otherwife,  incapable  of  obtaining 
for  a  moment  the  afient  of  philofophers — "  that  there  was  in 
the  ifland  of  Sanibrero,  lying  north  from  Sumatra,  a  fenfitive 
plant  that  would,  when  pulled  with  the  hand,  {brink  into 
the  earth,  and  that  had  for  its  root  a  living  worm.**  It 
brought  one  of  the  firft  accounts  propagated  in  Europe  of  the 
exiftence  of  t!ie  ho}?an  upas,  the  famous  poifon-tree  of  Java. 
It  ad.Ied  a  variety  of  other  curious  information  concerning 
the  molt  extraordinary  objects  and  arts  in  the  Eaft.  But  of 
the  queries  lent  out^  it  left  ftill  many  unaufwered. 
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^h.  Hooke  was  one  of  the  moft  ingenious  and  ludefati- 
e.ible  of  the  earlv  members  of  this  fociety.      He  explained, 
m  an  admirable  paper,  the  beft  melhod  of  making  a  hiaory 
of  the  phienomena  of  the  weather.     He  made  many  experi- 
ments, which  were  repeated,   with  many  variations  of  cir- 
cumftances,  bv  the  fociety,  to  prove,  "  that  vilible  and  fen- 
fible  fire  was  but  the  ad'  of  the  dillblution  of  heated  bodies 
bv  the  air:  that  this  diflbkitlon  of  fuch  bodies  took  place  in 
a'manner  perfectly  fimilar   to  the  foiution  of  iron,  tin,  and 
copper,  bv  acids :'  that  the  evolution  of  heat  and  light  was  a 
neceffary  refult  of  the  foiution  of  heated  and  combuftible 
bodies  in  air  :  that  the  adies  of  a  burnt  body  were  a  redduum 
of  it,  that  was  infoluble  in  air."     This  chemical  theory,  as 
the  learned  reader  cannot  but  perceive,  differs  from  that  which 
was  propofed  bv  M.  Lavoifier,  and  is  now  defervedly  received 
as  philofophical  truth,  only  in  being  exprcffed  in  the  chemical 
dialecl  of  that  time,  which  is  now  obfolete;  and  in  being, 
in  the  intention  of  its  author,  to  a  certain  degree  accommo- 
dated to  other  theories  which  then  prevailed.     In  verifying 
the  theory  of  Hooke,  the  fociety  made  a  number  of  experi- 
ments :  to  afcertain  how  long  a  candle,  a  lamp,  or  ignited 
coals,  would  continue  to  burn  in  a  cubic  foot  of  comm.on,  of 
rarefied,  and  of  condenfed  air;  to  exhibit  the  fudden  extinc- 
tion of  flame  by  the  affufion  of  air  already  fatiated  with  burn- 
ing, and  the  impoffibility  of  even  the  moft  intenfe  and  torrid 
he'at  to  continue  v^-ithout  a  fupply  of  frefli  air;  and  to  find 
what  particular  degree  of  heat  was  to  be  produced  from  the 
burning  of  everv  "different  combuftible  material.     By  other 
experiments,  having  a  refpect  to  the  fame  theory,  they  afcer- 
tained  that  flame  was  fubject  to  be  extinguiflied  by  the  air 
in  a  deep  well.     They  made  befide  thefe^  and  with  a  view 
to  difcern  the  varied  phaenomena  of  ignition  and  combuftion, 
independently  of  Mr.  Hooke's  fyfteni,  a  great  number  of  other 
experiments  on  the  bringing  of  copper  into  a  ftate  of  great 
combuftibilitv,  on  the  igniting  of  tin  tilings  by  the  help  of 
nitre,  8cc.  Sec 

Thev  inltituted  a  multitude  of  experiments  to  determine 
the  nature,  properties,  and  ufesofair.  By  the  care  efpe- 
ciallyof  Mr.Bovle,  many  trials  were  made  to  And,  by  means 
of  the  barofcope,  the  difierent  degrees  of  the  preflure  or  gra- 
vity of  the  atmofphere  at  diflereiu  heights  and  depths.  They 
to(;k  much  pains  to  difcover  the  oppofite  limits  of  the  rare- 
faclion  and  the  condenfation  of  air.  They  made  a  variety 
of  experiments  on  the  propagation  of  found  in  air  :  and  what 
is,  in  a  chemical  point  of  view,  highly  remarkable,  a  number 
of  their  experiments  were  directed  to  afcertain  '*'  the  genera- 
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tton  of  air,  by  corrofive  i^nenftrua,  out  of  fermenting  liquors; 
and  to  determine  the  fitnefs  or  unfitnefs  of  fiich  air  to  fupport 
combuftion  and  refpiration."  Other  experiments  were  made 
by  them  for  the  purpofe  of  difcovering  how  long  a  man  might 
live  by  infpiring  and  refpiring  the  fame  air  3  whether  air 
contaminated  by  refpiration  might  be  again  made  pure  and 
refpirable  ;  whether  the  unfitnefs  of  contaminated  air  for 
refpiration  were  not  a  quality  altonether  independent  of  its 
temperature,  as  hot  or  cold.  By  other  experiments  they  exa- 
mined '.vhat  quantity  of  air  might  be  fufficient  for  the  refpi- 
ration of  an  animal  for  a  given  fpace  of  time;  and  in  what 
manner  air,  previoufiy  applied  to  fupport  combuftion,  became 
by  that  unfit  to  be  reipired.  Others  of  thefe  experiments  re- 
fpedted  the  neceflity  of  air  to  fupport  vegetation;  and  it  was 
the  object  of  others  to  examine  what  ufe  was  made  of  air  in 
the  vital  funclions  of  fiflies  under  wattr. 

Water  was  the  immediate  fubjecl  of  many  of  their  firft 
expreriments.  Some  of  thefe  were  made  to  afcertain  the  dif- 
ferences in  the  fpecific  gravities  of  ditferent  forts  of  water. 
The  Torricellian  experiment  on  the  afcent  of  water  i;z  vacua 
was  repeated  in  almoit  every  poflible  change  of  circum- 
flances.  Other  experiments  were  made  on  the  production 
and  phenomena  of  {leam.  By  others  they  endeavoured  to 
iind  the  differences  in  the  heat  of  the  waters  of  the  ocean  at 
different  depths  under  the  furface. 

On  fiones  and  metals  they  inftituted  manv  experiments. 
Lead,  diamonds,  the  Bolocrna  Itone,  the  feparation  of  filver 
from  lead,  and  efpeciallv  the  loaditone  and  the  magnetized 
needle,  were  now  firft  philofophicallv  examined  in  regard  to 
fome  of  their  moft  important  qualities. 

They  examined  the  growth  of  vegetables  in  different  forts 
of  water;  the  utility  of  ftecping  feeds;  the  inverfion  of  the 
roots  of  plants  ftt  for  growth  ;  the  decreafe  of  the  weight  of 
plants  growing  in  air;  the  reunion  of  the  bark  to  the  Wood 
irom  which  it  had  been  llripped. 

Their  m.edical  and  anatomical  experiments  were  numerous. 
They  diffecied  a  cameleon  :  they  made  injeftions  into  the 
veins  of  different  animals:  thev  made  a  number  of  obferva- 
tions  and  experiments  with  a  view  to  determine  how  far 
there  might  be  truth  or  falfity  in  the  doctrine  of  the  equi- 
vocal generation  of  infects :  they  made  many  trials  on  the 
meaner  animals  of  poifons  and  antidotes  :  they  tried  what 
effe6ts  might  enfue  from  the  transfufion  of  the  blood  of  one 
animal  into  the  veins  of  another :  and  they  made  likewife 
fome  curious  experiments  on  the  hatching  of  filk-worms  in 
rarefied  air» 
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Their  experiments  on  the  freezing  of  water  in  different 
circumdances ;  on  the  produciion  of  cold  by  faline  folutions; 
en  ice,  to  evince  that  it  was  fufceptible  of  various  degrees  of 
cold  more  intvn{e  than  that  of  fimpic  freezinc:;  and  on  the 
congelation  of  cils;  were  various,  interelting,  and  profecuted 
with  the  moil  aiicnlive  accuracy.  A  curious  train  of  expe- 
riments was  made  at  the  Tower,  .under  the  immediate  infpec- 
tion  of  the  lord  vilcount  Broiinker,  to  afcertain  whatchano-es 
might  be  produced  on  the  weights  of  lead  and  copper  bv  fub- 
jeclion  to  fire  in  a  cupel.  B(jth  the  copper  and  the  lead 
were  found  to  ^  in  (by  oxidation,  no  doubt.)  an  addition. 
The  cupel  fuffercd  always  a  diminution  of  its  weisrht  when 
ignited,  but  not  a  diminution  equal  to  the  auormentation  in 
the  weight  of  the  metals. 

x-Vmonef  the  inftruments  invented  bv  the  fociety  within  a 
few  years  after  its  inflitution  were,  an  uaiverfal  ftandard 
mealure  of  magnitudes  bv  means  of  the  pendulum;  a  wheel 
barometer,  and  other  inltruments,  fur  hndincr  the  preifure  of 
the  air;  an  auger  for  boring  the  ground,  and  fetchino;  up 
parts  of  the  Itrata  through  which  it  rtiould  pais  in  their  na- 
tural order;  an  inftrument  for  meafuring  the  fuiftnefs  and 
ftrength  of  the  wind;  a  diving-bell,  and  a  pair  of  fpeclacles 
with  which  a  diver  might  fee  anv  thinsj  diftindlly  under 
water;  feveral  ens:lnes  for  finding  and  determining;  the  force 
of  gunpowder;  feveral  acouftic  inftruments  to  aiiilt  and  im- 
prove the  (enfe  of  hearing  ;  a  chariot  zuay-ivifer,  which  would 
exactlv  meafure  the  lencrih  of  the  wav  of  any  coach  or  chariot 
to  which  it  was  applied  ;  an  inltrument  for  grinding  optical 
glafles  ;  a  varietv  of  telefcopes,  Sec.  ^c. 

A  manufaclure  of  glafs  had  been,  more  than  thirty  years 
before,  ertabli (lied  in  Broad-ftreet.  in  London^  bv  a  company 
of  mercantile  adventurers,  among  whom  the  moft  confider- 
able  perfon  was  admiral  Sir  Robert  Manfel.  Workmen  and 
fuperintcndents  were  procured  from  Venice.  It  migfht  have 
gone  on  fuceefsfullv,  if  the  great  civil  war  had  not  broken  out. 
Soon  after  the  relloration,  the  duke  of  Buckingliam,  at  a  vaft 
expenfe,  eftablifhed  new  glafs-works  in  London  ;  and  the  aft 
was  there,  within  a  verv  few  years,  carried  to  fuch  perfec- 
tion, that  thefe  works  fupplied  better  glafs  for  microfeopes  and 
telefcopes  than  that  which  was  to  be  had  from  Veince.  The 
duke  of  Buckingham  not  only  exj:)ended  maeh  money  upon 
thofe  glafs-works,  rather  as  an  experi^^ientalift  than  a  manu- 
faclurer,  but  took  a  warm  and  aclive  interelt  in  various  orhers 
of  the  fociety's  purfuits;  and  it  was  under  his  immediate  pa- 
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tronage  that  Dr.  Spratt  wrote  his  excellent  Hlftory  of  tliC 
Koval  Socielv — the  (jiiefl  piece  of  Englilh  profe  tnat  was  pro- 
duced in  the  feventecnth  century. 

[To  be  continued.] 


VI.   Chariot  IVajy-wifcr — Fedometer — Iznoiun  to  the  Antunts, 
By  Mr.  K.  Heron. 


I 


To  Mr.  T'lUoch. 

SIR, 


PERCEIVE,  by  fome  excellent  articles  which  havrat  dif- 
ferent times  appeared  in  your  Magazine,  that  you  are  not 
averfe  to  llluitrate  the  fcicnces  and  arts  by  the  lights  of  claf- 
fical  erudition.  I  cannot  pretend  that  there  is  much  erudi- 
tion in  having  particularly  remarked  the  following  paflage  in 
the  life  of  the  Roman  emperor  Pertmax  by  Julius  Capito- 
linus.  But  it  certainly  evinces  at  kail  one  ingenious  mode 
of  mechanical  'art,  which  1  had  fuppofed  peculiar  to  the  mo- 
derns, to  have,  on  the  contrary,  had  a  diflin^l  exiftence  like- 
wife  among  the  antients. 

This  paflage  occurs  where  the  biographer  has  occafion  to 
relate,  that  Pertinax,  to  find  money  for  a  donative  to  the  fol- 
diers  of  the  praetorian  guard,  fold  off,  by  a  nine  days  audlion, 
the  fumptuous  dreffes,  furniture,  and  curiofities  of  art,  with 
which  Commodus  had  tilled  the  palace.  It  is  a  part  of  an 
abridged  inventory  of  the  tilings  ibid  at  that  audion.  It 
confilts  of  two  claufcs  :  I  fpeak,  for  the  prefent,  chiefly  of  the 
latter. 

"  I.  Vehicula,  arte  fabricata  nova,  perplexis  diveriisque 
rotarum  orbibns,  et  exquifilis  fcdilibus, — nunc  ad  folem  de- 
clinandum,  nunc  ad  fpiritus  opportunitatem,  per  vertiginem: 
3.  Et  alia,  iter  metienlia,  ct  horas  monftrantia." 

'^  I.  Carriages  of  a  new  con(tru6fion,  with  wheels  of  dif- 
ferent diameters,  and  curiouilv  connected  with  one  another, 
and  with  i'eats  of  a  peculiar  and  exquifite  contrivance  ;  in 
which  vehicles  the  rider  could  at  pleafure  fliade  himfclf  from 
the  iun,  and  was  in  no  danger  of  gettinjr  out  of  breath;  fo. 
eafv  was  their  motion  at  its  utmoil  Iwiftneis.  2.  Alfo  other 
carriages,  which  had  contrivances  to  meaiure  the  diilances 
over  which  they  were  driven,  and  to  count  the  hours  fpcnt 
in  the  journey.'* 

Here  are  two  forts  of  carrinees  mentioned,  both  of  new, 
conflruction.     The  former^  remarkable  for  the  eafe  of  their 
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motion,  in  confequence  of  having  wheels  of  difTerent  diame- 
ters, and  for  covering  the  rider  from  the  fun,  may  feem  to 
refemble  fome  of  our  prcfent  carriages  more  nearly  than  has 
been  fuppofed,  yet  do  not  fo  ftrikingly  differ  from  thofe  which 
were  common  amone  the  antients  as  to  excite  much  furprife. 
But  the  latter  appear,  indeed,  extraordinary:  they  poffefTed 
all  the  advantages,  as  it  (hould  feem,  of  the  chariot  way- 
^fer,  which  has  been  believed  to  have  been  firlt:  invented 
by  fome  members  of  our  Royal  Society  about  the  year  1662; 
and  of  the  pedoineter,  which  is  at  prefent  manufactured,  I 
think,  under  a  patent. 

I  am.  Sir, 

Your  obedient  fervant, 
Lf^ndon,  R.  Heron. 

O6tober  "6,  iSoi. 


VII.   Obfervations  on  the  Spots  oj"  the  Sun,  and  the  Nature  of 
the  Light  of  that  huminary.     By  M.  Von  Hahn  *. 


\5K  experience  of  the  various  cfTefts  produced  by  the 
fun's  ravs,  and  particularly  the  doctrine  of  latent  heat  and 
fpecific  heat,  feem  to  confirm  the  opinion  that  light  is  an 
actual  body  which  ilreams  forth  from  the  fun,  and  which  is 
tonne6led,  in  a  variety  of  w^ays,  with  the  bodies  of  our 
earth.  The  determination  of  the  following  queftion,  which 
belongs  peculiarly  to  chemiftry,  ''Whether  the  fun  be  a6lu- 
allv  a  burning  body,  or  only  attracts  the  illuminating  matter 
from  the  furrounding  expanfeof  the  univerfe?"  may  receive 
fome  illuftration  from  continued  obfervations  made  on  the 
body  of  that  luminar}^ 

One  great  difficulty  here  is,  that  the  fun  has  a  peculiar 
light,  and  we  are  accuftomed  only  to  conlider  objects  which 
.almoft  continually  receive  their  light  from  without,  and 
•wliich  commonly  produce  fliadows  more  or  lefs  perceptible 
according  to  the  different  directions  and  (Irength  of  the  light 
which  falls  upon  them.  Now  our  eyes,  being  accuftomed 
to  fhadows  and  projecting  images,  by  beholding  an  uncom- 
mon kind  of  illumination  are  thrown  into  embarraffment, 
and  cannot  bring  the  images  in  harmony  with  fenfation,  the 
bafis  of  all  perfpicuity. 

One  may  obferve  the  fun  a  long  time  without  difcovering 
any  other  fpots  than  thofe  which  are  common.  The  firS 
view^  therefore,  of  the  lb  called  folar  faculse  produces  an 

*  From  Proffffoi-  Bodc's  AJlronomiccd  Almanac  for  ihs  Year  1796. 
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agreeable  furprifc,  as  it  exhibits  fomethiDg  very  different 
from  what  we  fee  in  thofe  parts  of  furrounding  nature  which 
are  neareft  to  us.  With  a  Herfchel's  telefcope  of  feven  feet, 
one  beholds  with  aftonlQiment,  and  very  dirtin6lly,  in  thofe 
fpots  in  tile  middle  of  the  fun's  orb,  parts  befet  with  little 
hills  feparated  by  valleys,  and  Tingle  mountains,  of  a  propor- 
tional height,  which  projcft  flrong  (liadows.  It  is  worthy  of 
remark,  that  thcfe  objects  have  as  diininifl-.ed  an  appearance 
as  when  one  looks  at  things  from  a  great  hcioht.  The  caufe 
of  this  is  to  be  fought  for  in  the  fituation  of  the  light  which 
falls  on  them,  and  belongs  to  thofe  optical  deceptions  that 
mud  occur  fo  frequently  in  obfervine  the  fun,  and  on  a  know- 
ledge of  them  depends  the  whole  fecret  of  forming  a  proper 
judgment  refpe<5ling  the  folar  bodies. 

The  finenefs  of  the  delineation,  the  fcenic  appearance, 
and  the  reoularity  of  thefe  objects,  induce  (Uie  to  believe  that 
folar  landlcapes  ?Te  here  aftuallv  reprefented  ;  and  totally  de- 
ilroy  the  idea  of  tne  fun  being  a  flaming  body-;  for  it  is  im- 
poUible  that  the  irregular  movement  of  flame  could  ever 
produce  fuch  fcenes.  Thefe  parts  a*"e,  at  times,  of  a  more 
whitifli  colour ;  but  it  ought  to  be  particularly  remarked  that 
thev  have  a  fomewhat  dimmer  light  than  th.e  rell  of  the  fun's 
orbit,  which  is  every  where  luminous.  If  the  divifion  of  the 
lioiits  and  (liadows,  the  kind  of  illumination,  and  the  gra- 
da;i(>n  of  the  fhades,  be  accuratelv  oblerved  and  examined, 
we  fliail  be  obliged  to  admit  that  thefe  faculse  in  the  fun  are 
landfcapes. 

The  moft  impc-tpnt  obfervatlon  hce  is,  that  v/lien  there 
are  a  2i;ronp  of  facb  landfcapes  the  fliadows  are  almoft  always 
projected  to  one  fide,  and  are  fharp-pointed.  This  circum- 
ftance  lerves  to  render  clear  to  the  eye  a  confufed  mixture  of 
fpots. 

Let  one  fearch  out,  in  the  neighbourhood  of  fuch  groups, 
fmall,  iingie,  infulated  fpots,  and  obfcrve  whether  there  is 
fecn  near  them  a  weak  gradation  of  {hade,  or  a  luminous 
vapour  whic'i  is  very  familiar  to  us,  and  which  (hows  that  the 
lioht  illuminates  an  eminence  on  all  fides,  but  not  with  equal 
ftrength.  If  the  eye  is  once  accuflomed  to  the  effe6t;  that 
hence  arifes,  it  can  with  great  eaie  convert  an  often  exceed— 
inelv  compound  niixture  of  dark  parts  and  luminous  fpots 
ini.o  w-ell  arranged  iinages. 

There  are  certainly  cafes  in  obferving  the  fun  when  draft!-- 
men  and  painters  only  could  be  able  to  arrange  properlv  the 
mixture  of  faint  fpots,  and  to  obviate  the  deception  which 
arifes  from  half  (liadows.    When  an  eminence,  for  example^' 
is  fo  ftrondv  enliQ"litencd  bv  the  iuniinoua  matter  near  it, 
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that  one  fide  of  it  has  the  fame  briprhtnefs  as  the  folar  light 
iti'elf,  we  then  no  longer  iee  an  eijiinence,  but  only  a  faint 
fpot  produced  bv  the  half  I'Kndow  on  th^  other  fide.  But  if" 
ihe  direction  of  the  ftrone-elt  half  iliadows  tc.vards  any  part 
of  the  fun's  dilk  be  once  known,  we  may  then  venture  to 
examine  the  grcateit  coilet^ion  oi  luniinous  iaculGe,  and  di- 
(linguifh  them  with  the  bed  fuccels.  They  then  lofe  their 
flrange  appearance;  and  the  eve  becomes  convinced  that  an 
ailemblage  of  eminences  and  plains  could  exhibit  Inch  an 
appearance  onlv  bv  a  lioht  provreea.ng  from  ditierent  iides, 
though  with  various  deoi;rees  cf  f  rengih.  Bclides,  it  may 
fomeiimes  \ic:  the  cafe  that  the  iirht  may  be  hi^rher,  nearer, 
or  at  a  greater  diftance  in  one  ciitricf  than  another;  and 
therefore  it  is  difficult,  under  all  the  e  ciicumitances,  to  form 
a  right  judgment  of  an  objeft  in  the  inn. 

The  fiui,  therefore,  mult  be  inclofed  in  a  luminous  cover- 
ing, or  furrounded  bv  an  atmoiphere  of  light — an  idea  fiift 
ftaried  by  Mr.  Bode;  but  the  peculiar  quality  of  it  remains 
to  be  more  fallv  inveftiijated.  A  globular  covering  of  boiling 
litrht  feems  to  be  too  moveable  to  produce  the  above  pha^no- 
mena.  Tlie  irre^jrilar  fpreadino:  of  the  furrounding  fiamc 
would  every  moment  change  the  fecne ;  as  a  mixture  of  lu- 
jninous  matter  wiih  the  iolar  atmoiphere  would  give  it  an 
obfcure  appearance,  and  be  contrary  to  the  fmoothnefs  of 
that  line  bv  which  the  folar  dillc  is  bounded. 

The  iun  may  be  coniidered  as  an  opakc  body  of  itfelf,  and 
furrounded  by  an  atmofphere  almoil  iimilar  to  ours ;  but  the 
luminous  matter  as  an  uncommonly  line  fluid,  which,  like 
liquid  naphtha,  floats  on  this  atmofphere,  and,  on  account  of 
its  great  lightnels,  can  never  link  down  under  any  circum- 
liances  whatever. 

The  atmofphere  of  the  fun,  bv  his  rotation,  beinor  raifed 
^iigher  under  the  equator,  will  be  depreffed  towards  the  polar 
regions.  The  luminous  matter  is  attracted  from  the  celeltial 
expanfe;  and  this  hypothetis,  which  has  been  adopted  bv 
many,  appears  to  be  the  true  one,  becaufe  the  phaenomena 
on  the  iurface  of  the  iun  can  be  beft  explained  bv  it.  It 
niuft  however  be  premifed,  that  no  more  luminous  matter  is 
attracted  than  mav  be  neceffarv  to  form  aimoit  a  total  cover- 
nig  to  the  iun ;  and  that,  on  account  of  the  continual  inHux 
towards  the  poles,  it  mult  often  happen  that  the  quantity 
there  will  be  diminitlied.  This  is  a  conl'equence  of  the  thing; 
itfelf;  for,  if  it  be  admitted  that  the  fepa-jtion  of  the  lumi- 
nous matter  is  performed  bv  a  chemical  atrinity,  the  eflect  of 
which  is  facilitated  bv  the  fun's  rotation,  the  attraftion  will 
ceafe  when   the  folar  atmoiphere  has  imbibed  a  fufficient 
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rjaaPitltv.  By  obferving  the  fun,  we  perceive  not  only  the 
luminous  maiter,  but  tKe  light  ret^ecled,  in  a  lively  manner, 
from  the  fun's  body ;  and  at  fuch  a  diftance  they  cannot 
be  di.tinguilhed  from  each  other.  Through  a  deception  of 
our  fenfes,  we  often  take  the  effeci  for  the  caufe,  and  feek 
for  the  object  in  the  light,  and  then  again  for  the  light  in 
the  object. 

But  as  the  atmofphere,  greatly  expanded  at  the  equator, 
Tnuft  (ink  doun  fonjewliere  tVom  well  known  caufes,  the  lu- 
urinous  matter  flies  off  on  all  tides  towards  the  lower  parts, 
and  illuminates  the  parts  it  left,  no  longer  from  above,  but 
laterally.  Here  we  difcover  the  folar  faculae  ;  and  if  in  thofe 
parts  there  be  inequalities,  there  arlfe  then  half  diadows, 
which  are  almoft  iolt  in  the  tint  of  the  ground.  If  the  ob- 
fervcr  fails  in  his  judgment  of  the  angle  of  inflection,  he  fees 
onlv  a  mixture  of  ;aiiit  fpots,  and  no  landfcapes. 

It  will  now  be  ealier  to  explain  the  proper  fpots  in  the  fun, 
as  they  are  called.  They  are  parts  of  the  fun  lying  under 
full  {hadows,  which  mud:  naturallv  arife  when  the  illumi- 
nating fluid  draws  itfelf  fo  far  back  from  the  horizon  of  that 
neighbourhood,  that  no  more  rays  can  reach  its  centre.  The 
contraft  with  the  reft  of  the  dazzling  diflc  of  the  fun  in- 
creafes  their  blacknefs,  and  gives  them  the  appearance  of  a 
burnt  coal,  or  cinder.  We  Ihall  be  readily  convinced  that 
fome  parts  of  the  fun's  furface  mav  lie  in  a  full  fliadow,  when 
we  reflect  on  the  orreat  fize  of  thefe  fpots,  and  confider  the 
htight  of  the  luminous  fluid  to  be  fmalL  or  enual  to  about 
the  diliance  of  our  highelt  clouds  from  the  earth.  It  cannot 
be  higher,  elfe  no  perceptible  half  fliadows  would  be  occa- 
fioned,  becaufe  the  Ihadows  of  bodies  become  fmaller  in  pro- 
portion to  the  height  of  the  Illuminating  point.  The  irregu- 
laritv  of  the  fpots  arifes  pardy  froma  the  difl'erent  fituations  of 
the  luminous  matter,  and  partly  alfo  from  the  inequality  of 
the  bottom.  That  remarkable  vapour  by  which  they  are 
furrounded  is  occafioned  by  a  kind  of  crepufculum,  by  which 
the  fide  light  is  conveyed  to  the  nioft  diftant  part  from  the 
centre  of  the  fhadow.  As  the  luminous  matter  now  appears 
to  be  more  fparingly  divided  in  the  folar  atmofphere,  a  place 
may  be  totally  deprived  of  light  by  its  retiring:  but  near 
the  boundary  of  the  light  it  is  dire6ted  towards  ihe  bottom, 
though  fomewhat  weakened  by  the  refraction  and  reflection 
of  the  rays,  as  is  the  cafe  in  our  morning  and  evening  cre- 
pufcula ;  and  the  fpots  by  thefe  means  obtain  their  conical 
form.  If  we  confider  this  vapour  more  attentively,  the  be- 
fore-mentioned landfcapes  can  be  clearly  diftinguiflied  ac- 
cording to  the  above  method  -,  and  if  the  full  fhadows  have 
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coiifiderable  inequalities,  there  arife  forms  of  all  kinds  which 
exhibit  no  determined  figure,  until  we  become  no  more  ac- 
quainted with  the  fituation  of  the  fliadows.  On  thefummitsof 
fuch  eminences  mav  be  clearlv  feen  rows  of  luminous  pomts, 
which,  however,  arife  from  a  receded  light;  but,  on  account 
of  their  livelinefs,  are  taken  for  the  luminous  matter  itfelf. 
They  feem  to  be,  as  it  were,  leparated  portions  of  the  folar 
atmofphere,  which  float  about  within  the  conical  cavities. 
But  on  clofer  examination  this  deception  vanilhcs. 

Laftlv,  fliould  we  fuppofe  an  atmofphere  iiiled  with  clouds, 
enlightened  from  above  bv  the  luminous  matter,  the  great 
blaclnefs  of  the  fpots,  and  the  matter  which  furrounds  them, 
would  oppofe  fuch  an  idea.  Such  a  continual  phsenomenon 
is  ^.'unded  on  invariable  caufes,  and  cannot  be  reconciled 
with  the  changeable  nature  of  clouds.  A  real  folar  land- 
fcape  mav  be  recocrnized  to  be  the  fame  before  feen,  even  after 
fome  time,  whenVae  dire6tion  of  the  light  which  falls  upoa 
it  has  changed. 

It  is  more  than  conjeaure  that  the  fun  feparates  the  lu- 
minous matter  trom  the  firmament,  and  partly  appropriates 
it  to  itfelf  and  partly  tranfmits  it  to  other  bodies,  which,  on 
account  of  their  lefs  magnitude,  are  unable  to  effed  the  fame. 
As  fo  manv  ftars  Ihine  with  their  own  light,  it  is  probable 
that  they  all  derive  it  from  the  fame  fource ;  and  that  the 
immenfe  fpace  of  the  firmament  contains  this  all-enlivening 
matter,  which  nature  has  dealt  out  wiili  a  fparlng  hand,  and 
fcems  to  have  deitincd  for  the  moft  important  purpofes. 

The  phcenomenon  of  the  zodiacal  light  may  be  very  natu- 
rally explained  according  to  thefe  ideas.     The  feparation  of 
the'  lioht  takes  place  more  at  the  fun  ;  it  floats  on  its  atmo- 
fphere"^ in  exceedingly  fmall  quantity  ;  and,  as  it  ftreams  out 
immediately  in  all  "directions,  the  terreftrial  bodies  are  fe- 
cured  from  immoderate  heat  by  this  tendency  to  diverge. 
The  attratSlion  of  the  luminous 'matter  from  the  firmament 
mull  extend  to  a   confiderable  diftance ;  for  that  fet  free  at 
the  fun  is  fupphed  by  another  quantity,  which  feeks  for  an 
equilibrium,  and  therefore  forces  itfelf  towards  the  folar  equa- 
tor.    It  accumulates  therefore  in  thofe  parts ;  and,  as  it  is 
half  feparatcd,  on  acconnt  of  the  attradion  of  the  fun  ading 
at  that  diftance,  this  mean  ftate  produces  the  palenefs  of  the 
zodiacal  light.     This  conjedure  feems  fo  be  confirmed  by  a 
remark  of  Caffini.     At  a  time  when  the  folar  fpots  were  in- 
vifible,  no  zodiacal  light  was  to  be  feen.    The  abfence  of  the 
fpots  fliows  a  fuperabundance  of  the  luminous  matter  on  the 
fun ',  confequentlv  none  is  feparated,  and  theie  phaenomena 
muft  ceafe.     We're  their  feat  in  the  fol^r  atmofphere,  they 
.  muft 
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{how  themfclvcs  more  ftrongly  the  more  widely  the  light  is 
difperfed  over  ihc  body  of  the  fun. 

Poftcritv,  perhaps,  will  be  able  to  deduce  the  caufe  of  the 
northern  liohts  and  other  phasnomena  from  thefe  fuggeftions 
refpec-tins:  "the  produdion  of  the  luminous  matter,  and  lo 
anfwer  the  important  queftion — '*  By  what  circulation  is 
that  noble  matter,  which  ditiufes  light  and  heat  throughout 
all  nature,  again  conveyed  back  lo  infiniie  fpace ;  or  whether 
deuined  and  employed  for  the  formation  and  maintenance 
of  orj^anic  bodies?" 


VIII.  Experiments  on  Tlatina.     By  L.  Proust*.  , 

I.  Of  the  foreign  Bodies  mixed  with  native  or  crude  Platina, 

J.  H  E  bodies  generally  m.ixed  with  platina  are  ftony  and 
metallic  fand,  pvrites,  goM,  and  mercury.  The  firft  kind 
of  fand  coniifts  of  fmall  r  ck  cryftals  and  fragments  of  a  hya- 
cinth colour;  the  fecon:-  con^ifls  of  ferrugino'is  fand  of  two 
forts  :  the  one  o6:aedrai,  and  fnfceptible  of  being  attracted 
by  the  mao-net,  among  which  there  are  fome  that  do  not 
poffcfs  that  property  till  after  being  heated :  the  other  fort  is 
equally  black  and  ano;ular;  but  the  angles  are  deftroyed  in  fuch 
a  manner,  that  it  is  noi  poffible  to  determine  their  figure, 
which  feems  to  announce  that  they  are  not  fo  hard  as  the 
precedino".  The  latter  are  not  fufceptible  of  being  attrartcd 
by  the  maonet,  even  after  they  are  heated,  and  when  analyfed 
they  exhibit  new  fubftances  combl..ed  with  iron  ;  phagno- 
mena  by  which  we  are  authorized  to  confider  them  in  their 
union  as  a  mineralizaiion  of  a  peculiar  kind^  as  will  be  feen 
hereafter. 

II.  On  the  Method  of  feparating  the  Sand  from  the  native 

or  crude  Platina, 

Place  three  or  four  pounds  of  crude  platina  on  a  large 
table  the  edges  of  which  aie  fomewhat  raifed,  and  at  the 
diftance  of  a  foot  from  one  of  the  fides;  then  fpread  it  out, 
bv  means  of  a  card  or  a  rule,  in  fuch  a  manner  as  to  occupy 
the  fpace  of  about  two  feel,  and  blow  upon  it  obliquely  with 
a  pair  of  hand  bellows,  to  make  the  fand,  which  is  always 
lighter  than  the  gold  or  platina,  pafs  to  the  oppofite  fide, 
ifthis  operation  be  repeated  five  or  fix  times,  taking  care  to 

*  '^iQU\  Amiaks  de  Hiforia  Naiuraif  Madrid  1799,  No.  r. 
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blow  in  different  direction?,  the  platina  may  be  rendered  fo 
pure  that,  when  examined  with  a  magnifying  glals,  a  grain 
ofTand  will  not  be  found  in  a  pound  oT  it. 

III.    Of  the  Gel  J. 

All  the  gold  contained  in  crude  platina  is  feldom  difco- 
vered,  even  with  the  help  of  a  mngnifying  gials ;  and  as 
niercurv  is  the  means  employed  to  ieparate  them,  it  is  evi- 
dent that,  if  a  few  grains  of  gold  remain,  ihey  muft  retain 
their  portion  of  the  mercury.  Hence  the  gold  acquires  a 
white  hue,  which  ailimilates  it  to  the  colour  of  the  platina, 
and  prevents  it  from  being  perceived. 

I  do  not  know  whether  the  uorkmen  at  the  platina  mines 
are  acquainted  with  any  certain  method  of  afcertaining  whe- 
ther the  feparation  be  complete.  A  very  fimple  procels  is,  to 
heat  the  platina  in  an  iron  fpoon  or  crucible.  The  mercury 
becomes  volatilized,  the  gold  refumes  its  colour,  and  the 
platina  acquires  that  of  calcined  iron.  The  gold  then,  on 
account  of  its  colour,  may  be  very  eafily  diitinguiflicd  from 
the  platina. 

In  this  manner  I  feparated  7  ounces  of  gold  grains,  or 
Scales,  from  100  ounces  of  fome  kinds  of  crude  platina,  and 
13  from  others.  The  mean  produft  is  10  per  cent.,  as  I 
announced  al  the  time  to  government. 
I  -.  Thefe  fcales  are  of  different  colours:  fome  have  the  yel- 
■  low  colour  of  gold,  others  are  of  a  pale  or  a  green  yellow. 
The  lafl,  tried  with  the  blowpipe  and  borax,  fine  themfelves, 
tingeing  the  borax  green,  as  iron  would  do;  which  fliows  that 
it  is  a  green  native  gold,  like  that  of  the  jewellers. 

The  nitric  acid  alfo,  digelted  cold  ovlt  thefe  kinds  of  crude 
platina,  feparates  the  mercury  from  the  gold,  but  not  fo  com- 
pletely as  heat. 

Crude  platina  of  a  black  colour,  finer  than  the  white,  is 
very  commonly  brought  from  America.  It  (tains  the  fingers, 
probably  on  account  of  the  fuperabundance  of  graphite  or 
plombago  which  it  contains.  I  never  found  gold  in  this  kind, 
and  I  have  not  been  able  to  obtain  any  informalion  refped- 
ino-  its  origin. 

I'd  o 

IV.   Of  Sulphiir  as  the  JSTmeralizer  of  Platina, 

When  crude  platina  is  expofed  to  the  heat  of  the  blow- 
pipe on  charcoal,  a  ftrong  fmell  of  fulphur  is  exhaled,  ac- 
companied with  fumes  which  do  not  whiten  gold,  and  which 
are  not  produced  but  by  a  degree  of  heat^fuperior  to  tliat 
which  volatilizes  mercury.  Black  platina  grains  give  more 
fumes  than  the  white, 

3  ^^^g'^ 
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Large  grains  of  platina  picked  and  heated,  emit  alfo  an 
odour  of  fulphur  accompanied  with  fumes.  A  perfon  em- 
ployed by  government  to  collect  plalina  informed  me,  that 
the  largeft  grains  he  ever  faw  never  exceeded  the  fize  of  a 
pea;  and  that  he  had  given  feveral  of  that  fize  to  the  arch- 
bifnop  of  Santa- Fe.  In  regard  to  the  enormous  grain  faid 
to  be  depolited  in  the  cabinet  of  Vergara,  the  director  of  the 
Bifcayan  fociety  aflTured  me  that  he  had  no  knowledge  of  it. 

When  crude  platina  is  brought  to  a  red  heat  in  a  covered 
crucible^  no  odour  of  fulphur  is  perceived  with  the  vapour  of 
the  charcoal,  bat  at  the  moment  when  the  crucible  is  unco- 
vered this  odour  manifefts  itfelf  very  powerfully  ;  but  if  the 
crucible  be  fhut  clofe  it  ceaies.  It  was  long  before  I  was 
able  to  difcover  the  nature  of  this  vapour;  but  the  experi- 
ments, which  will  be  defcribed  hereafter,  proved  to  me  that 
it  is  nothing  elfe  than  concentrated  fulphuric  acid. 

From  1600  grains  ot   white   crude  platina  well   purified, 
and  heated  in  a  retort,   I  obtained  only  half  a  grain  of  mer- 
cury and  a  grain  and   a  half  of  water,  without  any  kind  of 
gas.     Having  broken  the  retort  before  it  was  quite  cold,  it    . 
exhaled  a  fulphurous  odour.     The  platina  became   black,  || 
and  was  found  flightly  cemented,  and  adhering  to  the  glafs. 

A  mixture  of  400  grains  of  the  fame  crude  platina  and  an 
equal  quantity  of  fweet  muriate  of  mercury,  healed  in  a  re- 
tort, gave,  after  the  fublimation  of  the  mercury,  a  very  light 
ftratum  of  cinnabar,  which  adhered  to  the  top  of  the  retort, 
and,  when  fcraped  a  little,  afllimed  a  vermilion  colour. 

Crude  platina,  heated  in  a  crucible  and  immediately  poured 
into  a  filver  difli,   blackens  the  veffel  in  the  fame  manner  as  , 
fulphur.     In  a  word,  all  folutions  of  platina  form  an  abun-  ' 
dant  precipitate  with  barytes. 

As  fulphurets  of  platina,  both  native  and  artificial,  do  not 
fufFer  their  fulphur  to  efcape  when  heated  in  covered  vedcls, 
there  is  reafon  to  believe  that  this  metal  cannot  be  entirely  j 
freed  from  it  by  an  open  fire  ;  for  the  fulphuret,  which  occu*.  |j 
pies  the  centre  of  each  grain,  may  then  be  confidered  as  fliut 
up  in  a  veflel. 

Here,  then,  v.-e  have  fulphur  as  a  conftituent  part  of  crude 
platina.  It  may  here  be  afked,  with  what  combuftible  this 
fulphur  is  united.  If  it  be  recollefted  that  iron,  and  even: 
copper,  cxifts  alfo  in  this  ore,  it  will  not  be  fuppofed  that  it 
is  combined  with  the  platina;  and  yet  it  is  with  this  metal 
that  the  fulphur  is  united,  as  will  be  fecn  hereafter.  In  the 
mean  time  it  may  be  deduced,  from  the  preceding  experi- 
ments, that  what  is  at  prefent  called,  and  what  ought  to  be 
continued   to  be  called,  crude  platina^  is  evidently  nothing 

ell( 
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clfe  than  the  mineralization  or  fulphuret  of  that  metal  which 
it  has  been  thought  })roper,   in  the  modern  nomenclature  of   ■ 
metal  he  ilibitances_,  to  eall  platina. 

V.   On  the  Oxidation  of  crude  Platina. 

When  native  platina  is  brought  to  a  red  heat  in  open  vef- 
fels,  it  afTumes  the  appearance  of  the  oxidated  iroo  Oi  a  gua 
barrel ;  but  with  this  difference,  that  the  oxidation  effected 
at  the  lurface  is  found  at  its  y.iaximum',  for  bv  rubbing  it  on 
paper^  or  triturating  it  with  water  in  a  porcelain  mortar^  a 
red  powder  is  detached  from  it.  Another  proof  of  this  is  ob- 
tained by  (ligerting  over  it  muriatic  acid,  which  entirely  dif- 
folves  this  powd  r,  and  with  alkalies  gives  a  precipitate  of 
oxidated  iron  of  48  percent.  The  platina  which  remams 
has  recovered  its  whitenefs. 

I  {hall  here  give  an  account  of  an  experiment  made  a  sfood 
many  years  atjo  by  C.  Darcet,  and  at  which  I  was  prefent. 
That  chemift  put  into  a  crucible,  placed  in  the  porcelain  fur- 
nace of  Serres,  fome  ounces  of  crude  platina:  when  taken  from 
the  furnace  the  platina  was  triturated  with  water,  and  fepa- 
rated  by  thefe  means  from  all  the  powder  it  contained.  After 
this  firft  fubltance  was  removed  from  it,  it  was  put  again  into 
the  furnace,  and  purified  a  fecond  time  in  the  fame  manner; 
and  this  operation,  being  repeated,  gave  a  new  quantity  of 
powder.  After  pafhng  through  the  furnace  in  this  manner, 
as  far  as  I  can  remember,  leven  or  eight  times,  the  platina 
was  totally  changed  into  an  oxide  of  a  very  dark  brown  co- 
lour. I  was  prevented,  by  particular  circumftances,  from, 
learning  of  Darcet  what  was  the  refult  of  his  laft:  exj)eriments. 

An  account  of  experiments  made  on  platina  in  the  porce- 
lain furnace  of  Furftemburg  may  be  feen  in  the  Jr.umal  de 
Fhyjique;  but  as  the  author  did  not  take  care  to  remove  the 
oxide  as  it  was  formed,  he  concluded,  as  Macquer,  Baume, 
and  other  chemiits  had  done,  that  platina  was  indeltruclible. 
But  let  us  return  to  the  oxidation  in  queftion. 

The  muriatic  acid,  of  which  wc  have  fpoken,  had  taken 
from  the  calcined  platina  three  oxides,  viz.  that  of  iron,  that 
of  copper,  and  that  of  platina.  This  folution,  united  with  the 
folution  of  muriate  of  ammonia,  gave  the  yeiiow  precipitate 
which  is  peculiar  to  platina. 

Poialh  being  employed  to  complete  the  precipitation  from 
the  liquor,  the  refult  w^is  a  fecond  precipitate  of  red  oxide  of 
iron,  mixed  with  a  little  copper,  which  immediately  mani- 
fcfted  itfelf  by  muriate  of  ammonia. 

If  in  this  folution  there  had  been  found  onlv  a  little  oxide, 
which  the  muriatic  acid  might  have  fir-oxygenated^  the  fo- 
lution 
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liitlon  of  platina  would  have  exhibited  nothing  aHonidiing. 
But  as  its  dcoxidation  could  not  be  alcribed  to  fuch  a 
caufe,  it  muit  i^e  iiiTerred,  that  when  platina  is  combined 
with  other  metais,  it  becomes  oxidated  much  ealier  than  has 
hitherto  been  fupj^ofed.  Platina,  then,  has  this  property, 
}ike  all  other  metals,  in  which  the  Itate  of  combination  al- 
xvays  favours  oxidal  ion . 

The  following  is  the  detail  of  an  experiment  made  with 
great  care.  Eight  hundred  grains  of  crude  white  ]ilatina, 
well  purified  from  gold,  fand,  and  mercury,  after  havinii;  been 
calcined  for  the  fpace  of  an  hour,  had  loft  only  one  grain. 
Having  afterwards  expofed  them  to  the  aftion  of  muriatic 
acid,  they  loit  in  the  acid  four  grains  and  a  half^  and  relumed 
their  v/hitenefs;  by  which  it  is  feen  that  the  oxygen  of  the 
atmofphcre  had  almoft  replaced  the  weight  of  the  fulphuF 
difiipated. 

'riie  79-1^7  grain?,  being  calcined  a  fecond  time,  became 
black,  and  their  wei;T;ht  was  increafed  two  grains,  but  the 
fmell  of  fnlphur  wa?  no  longer  diitinfjuiflied ;  a  circumftance 
V/hich  renders  the  combination  of  oxygen  more  firiking. 
Having  been  again  expofed  to  the  muriatic  acid,  they  loil 
9^  of  tneir  weiglit:  they  were  found  to  be  black_,  and  vifiblv 
corroded. 

The  788  grains  which  remained  were  boiled  a  third  time 
in  the  fame  acid,  and  the  refult  was  a  new  lofs ;  but  that 
which  thev  experienced  in  frcfli  acidj  after  a  fourth  ebulli- 
tion, was  flow,  and  far  inferior  in  tlic  two  laft  mentioned 
boilings  :  it  did  not  exceed  four  grains  and  a  half. 

The  weakened  action  of  the  acid  made  me  believe  that  I 
ought  to  continue  the  oxidation  in  order  to  penetrate  further 
into  th.e  interior  of  the  platina,  which  induced  mc  to  proceed 
to  a  fourth  calcination  ;  but  it  vvas  ufelefs_,  for  the  grains  ex- 
perienced no  change  either  in  their  weii>ht  or  their  colour: 
the  application,  therefore,  of  the  muriatic  acid  was  to  no  pur- 
pofe.  The  exterior  of  the  grains  had  then  the  appearance  of 
pure  platina,  having  a  very  ftrong  refemblance  to  iilver  of  a 
lov\  alloy. 

The  total  lofs  fuftained  by  thcfe  8:0  grains  was  1 7  ^  grains, 
or  a  little  more  than  two  hundredths.  A  grain  of  gold,  not 
perceived  in  purifying  the  crude  platina,  was  found  towards 
the  end  of  the  operations;  and  this  grain  proved  to  me  that 
the  muriatic  acid  alone  produced  the  efie6ls  I  have  deicribed, 
and  that  nitric  acid  had  no  (liare  in  them. 

The  metallic  folutions  of  y  hich  we  have  fpoken  contained 
each  platina,  iron,  and  copper :  they  became  turbid  with  the 
muriate  of  ammonia;  from  Vvhich  we  may  infer_,  that  if  the 

platina  '•' 
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pk'tlna  bediflblvcd  in  the  muriatic  acid,  that  it  may  be  pre- 
cipitated by  that  fah. 

Let  us  now  return  to  the  crude  platina.  When  treated 
with  dulcified  muriate  of  mercury,  it  is  found  at  the  bottom 
of  the  retort  with  all  the  figns  of  corrofion.  The  water  im- 
mediately takes  from  it  a  liirht  efflorelcence  of  a  vellowifli 
white  colour ;  and  potalli,  poured  into  the  liquor,  feparates 
from  it  a  red  oxide  of  iron  and  of  copner.  In  regard  to  pla- 
tina, none  is  found  in  it ;  from  which  we  mav  conclude  that 
the  iron  and  copper  onlv  had  received  from  the  muriate  of 
mercury  a  fufficient  quantity  of  oxygen  to  effect  their  folu- 
fion.  The  lofs  of  the  ore  was  12  per  cent.  VV"e  are  there- 
fore obliged  to  acknowlcdoe  three  metals  in  platina  ore.  We 
fliall  {how  hereafter,  that  belides  fulphur  it  contains  alfo  two 
other  combuitibles*. 

VI.   E.vperimenfs  ivith  the  JSiiiric  Acid  on  Platina, 

Nitric  acid  of  35  degrees,  in  which  crude  platina,  purified 
from  fand,  iron,  and  copper,  was  boiled,  did  not  even  alter 
the  polifli  of  the  grains :  it  only  feparated  the  mercury  from 
the  gold.  The  fame  acid  had  as  little  action  on  the  platina 
grains  blackcfted  by  calcination,  and  fubje6ted  to  the  fame 
ebullition  :  thev  retained  their  crufl,  and  the  ftate  of  the  acid 
was  in  no  manner  chan2;ed.  Margraf  and  Lewis,  however, 
aflert  that  nitric  acid  has  fome  kind  of  an  action  on  them. 
But  their  acid  either  contained  muriatic  acid,  or  the  ffrains 
on  which  they  operated  were  more  ferruginous.  This  is  very 
pollible;  for  there  are  fome  kinds  of  crude  platina  which  have 
a  great  many  incrufted  grains,  and  others  cavernous,  which 
contain  tiid  oxide.  The  black  coloured  crude  platina  in  my 
pofTeflion,  and  which  belonoed  to  Don  Pedro  d'Avila,  is  in 
that  ftate.  I  can  now  entertain  no  doubt  that  black  kinds 
of  platina  are  fometimes  brought  to  us.  That  fent  a  few 
years  ago  to  the  king's  cabinet,  of  which  I  have  a  fpecimen 
given  me  by  our  tranllator  of  Buffon,  is  of  this  kind.  It 
may  be  whitened  by  means  of  the  muriatic  acid,  but  not 

'*•■  The  author  of  the  Mineralogy  of  Spain,  Don  Chriftian  Herrgen, 
exprelTes  himfelf  thus  in  the  feventh  number  of  the  Ar.Kales  de  Ciencias 
Naiiirales :  "  After  having  read  the  memoir  publ  iheH  t)v  L.  Prouft  in 
the  firft  volume  of  this  collcilion,  one  is  obiis/ed  to  acknowledge  that  pladna 
fs  never  found  pure  in  a  native  ftate;  it  always  exh'oits  a  real  mineral- 
ization, as  this  memoir  proves.  It  is  much  to  be  regrttted  that  we  have 
not  yet  the  leaft  geognoftic  nocice  refpcdting  rb.is  valuable  luhllance.  Don 
Herrgen  indicates  at  the  lame  time  the  pl-ces  where  platina  is  found, 
which  are,  Cbcroy  Popawvi,  Shiito,  Rio  (Li  Pinto  in  the  province  of  Peru, 
Viirthn^fna.  and  Bcabuda  in  >iew  Gk-  -ada. 

.  Vol.  XL     •  D  fufficiently 
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fufficicntly  to  acquire  the  brilliancy  of  the  white  kind  ufe^ 
in  commerce. 

VII.   Of  the  Effedis  of  the  NitrO'inuriaiic  Acid  on  Platina, 

I  compofed  this  acid  with  the  nitric  and  muriatic  acids. 

1  fhall  merition  hereafter  the  proportions  heft  calculated  to 
efFeft  this  lolution. 

,  Four  hundred  grains  of  crude  platina  well  picked,  which 
had  been  tranfmitted  to  me  by  Don  Cafimir  Ortega,  being 
treated  in  this  acid  until  it  had  loft  all  its  a6lion,  there  re- 
mained a  black  matter,  which,  when  wafhed,  and  collected 
together  in  a  china  cup,  was  found  to  weigh  lo^  grains^,   or 

2  pounds  lo  ounces  per  cent. 

The  fame  quantity  (400  grains)  of  crude  white  platina, 
which  I  received  from  Don  Domingo  Fernandez,  left  fix- 
grains  of  a  black  refiduum,  or  one  and  a  half  per  cent. 

An  equal  quantity  of  the  fame  kind,  of  which  the  largeft 
particles  were  fele6led,  left  14  grains,  or  3^  per  cent.,  of  a 
black  refiduum.  ihefe  three  experiments  give  a  mean  pro- 
duct of  about  2,^  per  cent. 

VIII.   Of  the  crude  Black  Platina, 

Four  hundred  grains  of  the  platina  of  Don  Pedro  d'Avila 
left  a  refiduum  of  7  grains,  or  1  pound  17,  ounces  per  cent. 

Four  hundred  grains  of  the  fame  left  a  black  refiduum  of 
9  grains,  or  2  pounds  and  a  quarter  per  cent. 

An  equal  quantity  of  the  largefi:  particles  of  the  fame  left 
a  refiduum  of  3  per  cent.  Thus  the  mean  produ6l  of  the  black 
kind  was  2  pounds  12  ounces  per  cent. 

It  is  here  feen  that  there  is  a  very  remarkable  variation  in 
the  quantity  of  thefe  refiduums  :  it  arifes,  firfi:,  from  the  very 
variable  aftion  of  the  folvent,  which  more  or  lefs  deftroys 
the  fubftance  of  the  refiduum  ;  and,  in  the  fecond  place, 
from  there  being;  fometimes  found  in  thefe  refiduums  parti- 
cles of  that  metallic  fand  of  which  we  have  fpoken,  and 
which  are  generally  pretty  large,  and  imbedded,  as  it  were, 
in  the  heart  of  the  platina.  This  fa6t  has  been  obferved  alfo 
by  Guy  ton. 

IX.  Of  the  Graphite  of  Platina. 

The  refiduums  of  which  we  have  fpoken  are  nothing  elfe 
than  eraphite  or  plumbago:  it  burns  flowdy  by  the  blow- 
pipe, inflames  nitre,  and  deprives  the  arfenic  acid  of  its  oxy- 
gen ;  it  leaves  fhining  or  glofiTy  traces  on  paper ;  when  ex- 
poled  to  heat,  it  lofes  neither  its  foftnels  to  the  touch,  nor  its 

property 
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property  of  ftaining :  in  a  word,  it  has  as  much  luftre  as  the 
beft  En^liih  pencils  ^. 

That  the  ailay  by  this  method  may  be  exact,  the  graphite, 
when  heated  bv  the  blowpipe,  ought  to  exhale  no  fulphurous 
odour;  for,  if  this  odour  is  perceived,  it  indicates  that  it  (till 
contains  metal  not  diilblvcd.  I  muft  however  obferve,  that 
during  the  folution  the  platina  appears  to  be  reduced  to  a 
black  powder;  or,  rather,  a  powder  is  detached  which  refem- 
bles  galena  coarfely  pulverized. 

This  powder,  which  is  as  heaw  as  platina,  accumulates 
at  the  bottom  of  the  retort:  after  the  folution  of  the  crrams 
of  the  metal,  it  ftill  retains  for  a  long  time  the  fame 
appearance;  and  it  is  only  by  renewing  the  nitro-mu- 
riatic  acid  that  it  difappears  entirely,  le  ivinsr  nothing  in  its 
place  but  graphite.  The  nature  of  this  powder  will  be  feen 
hereafter. 

X.  Obfervations  on  Solutions  of  Platina, 

To  free  thefe  folutions  from  the  nitric  acid  employed  in 
excefs  to  oxvgenate  the  muriatic  acid,  they  muft  be  con- 
centrated till  they  acquire  the  confiftence  of  honev.  The 
fuperabundant  muriatic  acid,  becoming  oxygenated  in  its 
turn  at  the  expenfe  of  the  remaining  nitric  acid,  acquires 
the  quality  of  oxygenated  muriatic  gas  combined  with  nitrous 

The  faline  mafs  which  remains  is  of  a  dark  brown  colour : 
it  diffblvcs  in  warm  water  if  the  deficcation  has  not  been  too 
-ftrong;  for  in  that  cafe  the  part  which  relilts  folution  is  a 
brown  min-iate  containing  lefs  acid,  in  which  platina,  iron 
and  copper  are  re-found,  and  from  which  the  muriatic  acid 
cannot  be  feparated  even  by  feveral  wadiings.  In  regard  to 
the  liquid  folution,  it  is  merely  a  muriate;  for,  when  decom- 
pofed  bv  means  of  potadi,  nothing  is  produced  but  muriate 
of  potalh  ^nd  a  little  fulphate.  It  has  an  altrino-ent  tafie, 
but  without  any  of  thofe  metallic  favours  which  are  fo  dif- 
agreeable  in  all  folutions  of  lilver,  copper,  &c. 

If  the  folution  in  this  (tate  be  treated  with  potafh,  the 
faline  precipitates  common  to  all  folutions  of  platina  will 
be  obtained,  but  not  an  atom  of  nitrate  will  be  obtained  by 
evaporation;  from  vrhich  it  may  be  inferred,  that  the  nitric 
acid  of  folutions  not  concentrated  has  no  part  in  precipita- 
tions of  this  kind.  It  will  be  feen,  in  the  courfc  of  this  paper, 
that  the  flighteit  veftige  of  this  acid  is  not  found  in  the  pre- 

*  On  fufing  crude  platina  with  oxvgen  gas,  a  black  fhining  fca!e  forms 
on  the  outhdc  of  the  globule,  which  may   be  feparated  by  the  hammer. 

T-.i..  =-  frecjuently  found  to  ibil  tbe  Hngers — Edit. 
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cipitatcs  of  the  moll:  nitric  foliitions.  In  a  word,  the  refult 
of  folutions  oFplatina  in  nitro-muriatic  acid  is,  as  in  that  of 
goldj  a  pure  and  fimple  muriate  of  platina.  To  what  has 
been  faid  I  fliall  add,  that  the  difference  between  one  kind 
of  crude  phuina  and  another  may  be  known  bv  that  obferved 
in  the  colour  of  their  folutions.  Black  platina  grains,  for 
example^  diiiblved  in  the  fame  quantity  of  acid  as  the  white, 
give  a  colour  much  redder. 

XI.  Solution  of  crude  Platina  on  a  large  Scale, 

The  phsenomena  obferved  in  the  folution  of  this  mineral, 
Avhen  large  quantities  are  employed,  do  not  differ  from 
thofe  effected  by  fmall  quautities.  In  the  firft  of  thefe  opera- 
tions, however,  there  are  fome  effe6ls  more  ftriking,  which 
I  ffiall  here  point  out. 

When  the  nitro-muriatic  acid,  aided  by  a  moderate  heat, 
begins  to  attack  platina,  tlie  firfi:  bubbles  of  gas  become  co- 
vered with  a  yellow  pow  der,  which  retains  them  at  the  fur- 
face  of  the  liquor.  Thefe  globules  float  in  every  dire6tion, 
and  at  length  adhere  to  the  fides  of  the  retort,  or  vanifli,  to 
give  place  to  others.  Thefe  phaenomena  being  common  to 
manv  fulphurous  metals,  we  are  authorized  to  believe  that 
this  arilcs  from  the  fulphur  which  envelops  thefe  bubbles  of 
gas.  This  powder,  when  thus  depofited  on  the  fides  of  the 
retort,  is  foon  difiipated;  becaufe,  being  very  minute,  and 
in  fmall  quantity,  it  is  fpeedily  fubjeCted  to  the  a6lion  of 
agents  which  tend  to  convert  it  into  fulphuric  acid. 

But  to  return  to  the  black  powder:  in  proportion  as  the  fo- 
lution advances,  this  powder  is  feen  forming  itfelf,  increafini^, 
and  affuniing,  with  the  remainder  of  the  platina,  a  leaden  co- 
lour, fimilar,  as  already  faid,  to  that  of  pulverized  galena. 
It  is  then  proper  to  lay  afide  this  refiduum,  on  which  the 
folvent  has  onlv  a  very  weak  aftion,  which  cannot  be  con- 
tinued but  by  repeated  ebullition,  and  adding  a  large  quan- 
tity of  new  acids.  This  folution,  when  poured  on  a  new- 
quantity  of  mineral,  a6ls  with  a  great  deal  of  force;  which 
proves  that  this  refiduum,  though  it  flill  holds  abundance  of 
metal,  refifi:3  the  action  of  the  folvent  much  more  than  frefli 
grains. 

This  powder  has  been  remarked,  but  not  examined,  by 
thofe  who  have  operated  on  platina.  To  obtain  it  feparately, 
the  refiduum  nniit  be  wafned  in  a  great  deal  of  water;  it 
mufi  be  agitated  a  "Teat  deal,  and  decanted  very  fpeedily, 
becaufe  its  gravity  is  very  little  different  from  the  mineral 
which  remains  to  be  diffolved.  What  has  not  been  carried 
off  by  decantation,  wheu  moillened,  and  rubbed  between  the 

fingers. 
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fincvcr?,  break?,  and  lUil  gives  a  pretty  large  quantity  oF  black 
poS  der  It  is  therefore  neceffary  to  again  take  trom  the  bottom 
of  the  water  the  mineral  found  there  ;  to  rub  it  ftrong.y  be- 
tween the  hands ;  to  feparate  the  powder  from  it;  and  to 
unite  it  to  the  former.  It  is  evident,  from  what  has  been 
here  faid,  that  the  friction  and  I'hocks  experienced  by  the 
mineral,  osritated  by  ebullition,  and  corroded  by  the  acids, 
effect  the  feparation  of  the  black  powder. 

If  thefe  jrrains,  inftead  of  being  pounded,  are  lett  whole, 
and  if  thev  are  examined  with  a  magnifying  glais,  it  is  ken 
.*hat  thev  have  retained  their  form,  that  they  are  eafily  brot<:en, 
and  that  they  are  hollow,  and  covered  with  brilliant  laminaa. 
The  aperture  throuo-h  which  the  folvent  has  penetrated  into 
the  interior  is  often  difcovered  ;  and  as  their  colour  is  m 
nothino-  different  from  that  of  the  po^vder,  there  can  be  no 
doubt  That  the  latter  is  the  reliduum  of  the  ero;ion  ot  the 
grains  of  the  platina.  In  a  word,  thefe  phenomena  are 
niore  remarkable  in  black  platina  ore  than  m  white,  becaule 
the  principle  which  produces  this  powder  appears  to  me  to 
be  more  abundant  in  the  former. 

XII.  Experiments  on  the  Black  Pozvder, 
Two  hundred  grains  of  this  powder,  well  preffed  together, 
beincr  calcined  in  a  wide  crucible,    exhaled  iulphuric   acid 
famS.     Towards  the  end  of  the  calcination  I  thought  I  per- 
ceived that  the  fumes,  though  dill  acid,  had  no  longer  a  iul- 
phurous  charaaer.      The  refiduum  was  pretty  b^ack,  and 
be^ran  to  be  acralutinated  together :  it  had  loft  23  parts.    1  he 
177  which  remained  were  diffolved  in  nitro-muriatic  acid; 
and  the  folation  being   precipitated  by  muriate  oi  ammonia, 
the  refult  was  an  ammoniacal  muriate  fimilar  to  others,  ot 
which  I  fliall  fpeak  hereafter.     The  remaining  liquor  was 
found  much  lefs  coloured  than  ufual.     I  treated  it  with  pot- 
afli,  which,  to  mv  ereat  aftonifliment,  precipitated   a  w-hite 
phofphate  of  iron:  ^I  call  it  white,  becaufe  it  is  that  which 
all  iron  oxidated  to  its  maximum  produces.     A\e  have  here, 
therefore,   on  the  one  hand  folphur,  and  on  the  other  ph-^i- 
phorus,  combined   in  the  refiduum  ot  our  crude  plaima  m 
greater  quantity  than  in  the  metal  itielf. 

As  the  remainder  of  the  black  powder  weighed  no  more 
than  42  (Trains,  it  is  evident  that  the  acid  had  diholved  135 
of  the  ij'j  o-rains  of  black  powder  calcined. 

Thefe  42  ™ins  of  powder  were  flill  very  black :  they  no 

lonoer  emitted  any  odour  by  the  fiame  of  the  blowpipe. 

They  were  not  attacked  bv  the  nitro-muriatic  acid.      1  h ey 

were  r.othiucr  dfe  but  plumbago  or  graphite  very  pure,     io 
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afcertain  with  more  certainty  the  nature  of  this  powder^  I 
thought  proper  to  make  the  following  experiment. 

1  diflblved  200  grains  of  black  powder  well  dried,  but  not 
calcmtd^  in  niiro-muriatic  acid  of  the  fame  flrength.  Haying 
wafhed  and  weighed  the  refiduum,  it  indicated  that  the  fol- 
vent  ha  J  taken  up  cnlv  24  grains.  The  folution  being  then 
treated  with  muriate  of  ammonia  gave  me  common  muriate 
of  ammonia;  and  the  laft  liquor  produced,  by  the  addition 
of  poiafh,  phofphate  of  iron,  which  gave  me  no  new  inform- 
ation. 

But,  if  it  be  recollected  that  200  jrrains  of  the  black  pow-» 
der,  which  had  loft  23  grains  of  fulphur  and  phofphorus, 
afterwards  fuffered  to  be  taken  up  bv  the  fame  folvent  even 
135  grains  o:  piatina,  one  will  certainly  be  aftoniflied  to  find 
that  200  grains  of  the  fame  powder,  which  ftill  retained  its 

23  grains  of  combuftihle  matter,  {hor.ld  "lave  relifted  the 
action  of  the  folvent  to  fuch  a  degree  as  10  gi\e  up  to  it  only 

24  grains  of  metal.  This  reliflance  muft  necefiarily  find  its 
meafiire  in  the  difference  between  the  nuuibers  135  and  24, 
which  here  repreie.jt  to  us  the  quantities  taken  from  the  black 
powder  during  the  .^i  ft  and  fecond  experiments. 

I  then  fufpec^ed  ihat  the  union  of  the  combuftibles  accu- 
mulated m  the  p]::tina,  formed,  perhaps,  the  greatefl:  obf^acle 
to  the  folution,  both  in  thele  experiments  and  in  thofe  made 
onplatina  on  a  large  fcale.  Several  fa6fs,  which  I  had  already 
obi; .  ved  in  icg.ird  to  the  folution  of  metallic  fnlphurets,  com- 
pared with  that  of  their  refpeftive  metals,  confirmed  me  in 
this  opinion,  at  lealt  until  other  obfervations  had  enabled 
me  to  retlily  what  might  not  be  founded  on  that  conjecture. 

I  therefore  colletled  the  powder,  after  the  fmall  lofs  it  had 
experienced  in  the  nitro-muriatic  acid,  and  expofed  it  to  the 
flame  of  the  blowpipe.  At  the  fam.e  inftant  it  exhaled  fumes 
of  fidphiir,  and  perhaps  even  of  fulphuric  acid,  as  denfe  as 
that  which  it  had  produced  before  being  fubjefted  to  the 
action  of  ihe  folvent.  If  we  fuppofe,  then,  that  the  black 
powder  gives  up  to  the  folvent  135  parts  inftead  of  24,  at  the 
moment  when  it  is  feparated  from  the  combuftibles  by  tor- 
refadtion,  there  remains  no  doubt  that  thefe  combuftibles, 
on  the  one  hand,  oppofe  a  Itrong  refiftance  to  the  action  of 
acids,  and  defend  the  piatina  from  it ;  and,  on  the  other, 
that  oeconomv  require?,  in  operations  on  a  large  fcale,  that 
the  black  powder  fliould  be  preferved  feparate,  to  be  calcined 
before  it  is  treated  with  nitro-muriatic  acid. 

If  we  reHtct  that  the  fnlphurets  and  phofphurets  of  iron, 
which  are  the  only  ores  found  in  fmall  qnantirv  in  the  mi- 
neral^ are  incapable  of  oppofing  fuch  a  refiitance  to  the  a6tioa 
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of  ihe'nitro-muriatic  acid,  it  will  no  longer  be  doubted  that 
it  is  chiefly  owing  to  the  fulphurated  phoTphonzed  platina. 

In  fupport  of  my  conjecture,  I  ihall  fay  a  few  words  re- 
fpeCling  the  fulphurets  of  which  I  have  fpoken. 

The  fulphuret  of  mercury,  or  cinnabar,  contains  the  metal 
in  its  natural  ftate,  and  not,  as  is  commonly  faid,  in  that  of 
oxide;  for,  notwithftanding  tl)e  difpoiition  of  mercury  to 
unite  with  oxygen,  concentrated  nitric  acid  does  not  attack 
cinnabar. 

Copper  takes  up  28  parts  in  100  of  fulphur,  and  never  lefs: 
it  can,  however,  dilTolve  fulphuret  of  copper  in  various  pro- 
portions, as  may  be  feen  in  my  eflays  on  black  copper.  If 
copper  containing  fulphuret  be  expofed  to  nitrous  acid  of  12 
or  15  degrees  ,  the  copper  will  be  diflblved  ;  and  fulphuret, 
which  will  feparate  itfelf  under  the  form  of  a  blackilh  blue 
powder,  cannot  be  oxidated  but  in  a  very  ftrong  heat. 

[  applied  feveral  times  an  acid  of  35  degrees  f  to  Ameri- 
can filver  ore  containing  fulphurets  of  copper,  lead,  iron, 
antimony,  zinc,  manganefe,  Sec,  and  found  that,  if  thefe 
mixtures  w^ere  not  heited,  the  greater  part  of  the  metals  were 
attacked  by  the  ac'.d,  the  whole,  or  at  leaft  the  greater  part, 
of  the  filver  in  the  itate  of  fulphuret  excepted;  from  which 
we  may  conclude  that  this  fulphuret  is  one  of  thofe  which 
refift  the  a6lion  of  the  nitric  acid  much  more  than  the  metal 
itfelf.  It  is  very  probable  that  this  is  the  cafe  with  many 
Others,  which  I  do  not  at  prefcnt  recolle6l. 

[To  be  continued,] 


IX.    On  Bleaching.     Bji  a  Correfpondent» 
To  the  Editor  of  the  Pkilofophical  Magazine, 


T, 


SIR. 


HE  importance  of  the  new  mode  of  bleaching  to  the 
principal  manufaclures  of  this  country  renders  it  worthy  the 
moft  minute  and  accurate  attention.  Before  your  publication  of 
O'Reilly's  ElTay,  no  complete  treatife  on  the  modern  fvltem 
had  appeared.  That  of  Berthollet,  the  difcoverer,  though  in 
many  particulars  very  defe6live,  was  undoubtedly  the  beft 
adapted  to  inftrucl  the  pra6lical  manufacturer,  who  cannot  be 
fuppofed  intimate  with  the  minutice  of  the  laboratory.  The  in-p 

If  thelc  are  de8;rees  of  Baume's  areometer,  as  msy  be  prefumcd,  they 
indicate  a  Ipecific  gravitv  of  from  i-oS<9  to  1-114. 
•*;   Sj)cci;ic  gravity  of  I"3T4. 
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definite  eflay  of  Higgins  prefuppofes  too  much  previous  know* 
ledge  in  the  reader,  ever  to  enable  the  inexperienced  to  adapt 
or  eftablifh  the  new  procefs ;  and  the  many  other  detached 
elTays  '^ ,  however  valuable  on  particular  parts,  are  vet  far 
from  forming  a  whole,  whence  the  pra6tical  bleacher  micrht 
gain  in(trii6lion  to  adapt  or  improve  this  new  fvitem.  The 
prefent  elTav  not  onl\-  prefents  a  complete  view  of  all  that  has 
hitherto  been  piiblinied,  but  adds  many  original  facts  to  the 
illuftration  of  the  modus  operandi,  or  theory  and  praclice  of 
bleaching.  It  is  therefore  with  no  inconfiderable  deference 
that  I  venture  to  offer  fome  remarks  on  the  uork  of  fo  expe- 
rienced a  chemift. 

That  there  Ihould  ftill  be  fnch  a  diverfitv  in  the  quantity 
of  the  ingredients  for  preparing  the  oxvmuriatous  acid  may 
appear  ftrange,  when  its  nature  and  properties  are  fo  well 
underftood.  This  may  be  aecounted  for  only  bv  the  peculiar 
modes  of  preparing  it,  for  the  end  of  all  is  the  fame.  The 
lirit  attempts  to  prepare  this  acid  fit  for  bleaching  often  fail, 
and  the  caule  of  fuch  failures,  owing,  perhaps,  onlv  to  the 
want  of  manual  oextcrity,  is  generally  afcribed  to  a  deficiency 
in  the  quantity  of  fome  of  th^  ingredients.  To  remedy  this 
fuppofed  deficiency,  an  unneceffary  quantity  of  fome  cuie  ar- 
ticle is  added  :  hence  the  German  practice  of  ufing  64  parts 
fait  to  20  manganefe,  w^hen  moft  probably  the  converfe  quan- 
tities, properly  managed, would  have  much  fooncr  produced  the 
defired  ci^b6l.  The  ufe  of  fait  in  this  procefshas,  no  doubt, 
hitherto  been  greatly  over-rated.  It  does  not  appear  that 
muriatic  acid  alone  poflefTes  any  bleaching  powers,  but  that 
of  depoliting  a  pale  iubltantive  vellow  upon  every  other  colour. 
To  oxygen,  of  which  it  is  onlv  the  vehicle^  is  juuly  afcribed 
the  deterfive  property  of  oxvmuriatous  acid ;  and  ftivfls  are 
whitened  with  greater  or  lefs  celerity,  according  to  their 
greater  or  lefs^  facility  of  combining  v.  iih  oxyeen.  The  co- 
louring matter  undergoes  a  real  (low  combuttion,  w^hich  ter- 
minates by  the  formntion  of  carbonic  acid,  which,  efcaping 
under  the  form  of  elaftic  fluid,  produces  what  we  call  bleach- 
i?ig.  Granting  that  combuftion  actually  takes  place,  (ia 
v^hich  there  is  no  Icfs  of  theory  than  experiment,)  and  the 
oxygen,  uuhing  with  the  carbon,  efcapes  in  the  Itate  of  car- 
bonic gas,  the  muriatic  radical  and  bafe  of  the  colouring 
matter  muft  unite  and  form  a  concrete  fubftance;  the  refi- 
duary  prodiict  of  combuftion,  which  literaliv  dves  a  leaden 
white,  and  which,  like  leaden  paint,  on  expofure  to  the  at- 
niofphcre,  ihortly  aiTumes  a  dirty  yellow  colour.  That  this 
is  really  the  cafe  can  fcarcely  be  doubted;  and   that  all  the 

^  It  is  pcffible  Ibrne  of  diefe  may  have  efcaped  the  writer's  atrention. 
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attempts  hitherto  have  done  no  more  than  dyeing  a  leaden 
white,  which  foon  becomes  a  pale  vel^ow,  that  requires  the 
joint  eiforts  of  oxygen  and  alkalies  to  remove,  mnft,  on  a 
monient*s  reflection,  be  evident  to  every  one.  To  this  caufe 
may  be  afcribed  the  failure  of  the  learned  editors  of  the  En- 
cyclopaedia Britannica,  who  were  no  mean  chemifts.  With 
the  acid  prepared  according  to  Berthollel's  mode  they  d,yed 
yellow,  but  could  not  bleach  while. 

It  is  generally  agreed,  that  the  muriatic  acid  is  no  further 
ufefal  to  bleaching  than  by  its  power  of  retaining  oxygen  in 
water,  and  thus  conveying  it  in  a  Itate  fit  to  aft,  more  or  lefs, 
on    both  the  external  and  internal  parts  of  the  ftuft'  to  be 
bleached.     Hence  it  is  evident,  that  the  ufe  of  fnch  a  quan- 
tity of  fait  is  not  only  injurious  to  the  celerity  of  the  procefs, 
but  entails  an  embarraffing  expenfe  on  this  method  of  bleach- 
ing.    However,  even  this  more  than  triple  quantity  of  fait 
may  have  been  necclTary  to  incorporate  or  retain  the  requifite 
quantity  of  oxvpen   to  perform  the  whitening  procefs,  if  the 
apparatus  were  not  properly  adapted.     Condenfers  have  been 
generally  ufed,  and  Mr.  O'Reilly  propofes  (Plate  I.  fig.  i.  C.*) 
an  impToved  one;  but,  if  duly  examined,  thev  will  be  found 
not  only  inefficacious,  but  highly  difadvantageous  to  the  ad- 
mixture of  the  oxyfien  with  the  water.   It  is  well  known  how 
flight  the  union  oi  oxyiien  with  muriatic  acid  is;  and  who- 
ever will  try  even  this  improved  condenfer  will  find  an  almoft 
complete  feparation  of  the  two  gafes  before  they  are  brought 
in  contact  with  the  water.    So  fliphtly  indeed  are  they  mixed, 
that  the  moment  the   heat  and  confequent  motion  is  with- 
drawn from  thefe  condenfers,  that  moment  the  gafes  begin  to 
feparate  according  to  their  fpecific  gravities.    At  the  top  will 
be  found  tolerably  pure  oxvgen  gas,  while  the  bottom  con- 
tains muriatic   mixed  with   fome  fulpburic  acid  gas.     Thia 
lad  combination   is   confiderablv  deterfive,   but  is  alfo  fome- 
what  corrolive,  and   has  often   damaged  goods ;  a  circum- 
flance  that  may  be  avoided  by  having  them  previoully  wetted 
in  water.     It  is  lefs  injurious,  however,  to  cotton  than  linen 
goods:  and  to  this  is  owing  probably  the  great  quantity  of 
fulph'jric  acid  ufcd  at  JMancheiter,  w'here  it  is  diluted  with 
double  its  quantity  of  water;  which  muft  excite  fuch  a  rapid 
ebullition,   that  iome  of  the  fulpburic  acid  will  be  carried 
into  the  receiver.     Sulphuric  acid,  diluted  with   lejs  than  its 
vok-:me  of  water,  will  produce  the  purelt  oxymuriatic  gas. 
By  ufing  condenfers,   much  of  the  oxygen  too  is  dilTipated 
through  the  anti-abforbent  tube  (if  I  may  fo  call  it)   at  the 
top  of  the  condenfer.     Under  fuch  circumftances  it  is  not 

*  See  Philofojphical  Magazine,  vol  x. 

furprifing 


5^  On  Dj'eing  Cotkin  with  the 

furprifing  that  extraordinary  quantities  of  muriatic  acid 
ilioiilcl  be  required  to  retain  a  very  fmall  quantity  of  oxygen. 

To  obviate  the  lofs  of  the  oxygen,  and  prevent  the  necef- 
fity  of  ufing  fo  much  fait,  the  alembic  and  great  receiving 
vat,  or  vats,  fliould  always  communicate  immediately  toge- 
ther, without  the  intervention  of  condenfers,  which  always 
tend  to  diminifli  the  capability  of  the  muriatic  acid  to  unite 
with  and  retain  the  oxygen  in  the  water,  and  thus  defeat  the 
cbjecl  of  the  procefs.  Abforption  might  be  guarded  againll 
by  having  the  communicating  tube  bent,  like  a  double  fy- 
phon  (15),  and  in  the  lower  angle  to  have  an  air-tight  ftop- 
per,  that  would  yield  on  the  firft  preflTure,  fo  that  no  water 
could  ever  reach  the  alembic.  It  ought  to  be  remembered 
too,  that  if  by  negle6l  abforption  ever  takes  place,  the  liquor 
>vill  be  rendered  almoft  totally  inert,  even  with  the  beft  con- 
denfers. Various  other  modes  of  aati-abforption  might  be 
adapted  equally  efficient  with  thofe  in  ufe,  and  without  their 
inconveniences. 

When  citizen  Paul  thinks  proper  to  pablifli  his  mode  of 
•  impregnating  water  with  oxv^en,  perhaps  a  (till  morefpeedy 
and  etfefiual  method  of  difcharging  the  colouring  matter  of 
cotton  and  linen  may  be  found ;  and  the  theory  or  procefs  of 
combuftion,  adapted  by  Berihollet  in  his  ''  Elements  of  the 
Art  of  Dyeing,*'  and  ably  combated  bv  Dr.  Bancroft  ^  in 
his  mod  ingenious  '^  Refearches  in  the  Philofophy  of  per- 
manent Colours,"  be  fuperl'eded  by  the  more  limple  term 
Joluilon,  J.  A,  B, 

Tokenhoufe-vqrd, 
Stp(.  9,  i8ox. 


X.  Eixper'wicnts  on  Dyeing  Cotton  with  the  Flowers  of  the 
Carthamus  Tin5lorius  (Safflower).      By  ProfeJJor  Beciv- 

MANf. 

jT^  bout  feven  vears  ago,  T  made  various  experiments  on 
dyeing  wool  with  the  flowers  of  the  carthamus;  and  two 
years  after  I  added  fome  experiments  on  dyeing  linen  in  the 
fam^  manner  |.  As  thefewere  approved  by  men  well  verfed 
in  that  part  of  chemifiry  which  relates  to  the  art  of  dyeing, 

*  May  it  be  permitted  to  aik  this  philofopher,  through  the  medium  of 
the  PhiJofophical  Magazine,  when  the  v.'orld  will  be  favoured  with  his 
prcmiled  I'ccond  volume  of  Refearches  ? 
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I  refolved  to  make  fome  experiments,  alfo,  on  dyeing  cotton 
with  the  flowers  of  the  carthamus;  efpecially  as  no  perfon, 
as  far  as  I  know,  had  ever  before  flioun  what  eftect  might 
be  produced  by  the  beautiful  red  dye  of  this  flower. 

The  celebrated  I'oerner  *  made,  indeed,  various  experi^ 
ments  on  cotton  ;  but  his  only  relate  to  the  fa  If ron- coloured 
dye  of  the  plant;  nor  did  he  employ  any  alkaline  fait  to  ex- 
tract the  red  dye.  Schefler  f  alfo  made  experiments  on  the 
fame  fubje6l ;  but  my  obfervations  have  not  been  anticipated 
by  his,  fmce  he  tells  us,  that  the  method  of  dyeing  cotton 
and  filk  with  thefe  flowers  is  the  fame,  though  it  may  be 
eafily  proved  that  there  is  a  very  eifential  difference.  But, 
before  I  give  an  account  of  my  experiments,  let  me  be  per- 
mitted to  make  a  few  obfervations  refpecling  the  art  of  dyeing 
cotton  in  general. 

No  doubt  can  be  entertained  that  it  is  more  difncult  to  dye 
cotton  than  to  dve  wool  or  filk.  Every  thing  made  of  wool 
readily  imbibes  the  dve  :  filk  imbibes  it  with  more  difficulty; 
but  cotton  rejefts  all  dves  uj  much,  that  thofe  which  imme- 
diately penetrate  wool,  and  tinge  it  with  a  ilrong  colour, 
fcarcely  communicate  any  tint  whatever  to  the  latter,  and 
even  the  dye  which  adheres  to  it  may  be  eafily  difcharged, 
and  oft-times  by  water  alone.  For  tliis  reafon,  there  is 
fcarcely  any  colour  on  cotton,  except  that  called  the  Turkey- 
red,  which  is  either  agreeable  to  the  light  or  of  a  durable 
nature.  But,  if  we  wifh  to  inquire  into  the  caufe  ot  this  dif- 
ference, we  mull  attend  to  the  nature  of  the  two  fubuances. 

There  can  be  no  doubt  that  wool  contains  a  larger  quaa^ 
tity  of  fat,  or  inflammable  m.atter,  than  cotton.  We  have 
reafon  likewife  to  conjecture,  that  wool,  and  the  hair  of  ani- 
mals, have  more  and  larger  pores,  as  well  as  more  capacious 
fibres,  than  thofe  fubftances  procured  from  vegetables.  The 
great  objed,  then,  will  be,  to  remove  by  art  that  difference 
vvhich  there  is  between  animal  and  vegetable  fubllanccs. 
That  the  fmallnefs  of  the  pores  or  fibres  can  be  corrected  by 
art,  we  have  fcarcely  reafon  to  hope  :  but  we  may  make 
choice  of  colouring  fubltances  well  diluted  and  foft,  and  as 
fluid  and  penetrating  as  poflible,  that  is,  rather  faline  than 
earthy;  and  may  alio  prepare  or  macerate  the  cotton  in  fuch 
liquors  as  are  capable  of  rendering  its  fibres  lofter  and  loofer. 
Daily  experience,  however,  fhow^s  that  much  cannot  be  ef- 
fe<ftcd  in  this  manner;  for  though  cotton,  by  means  of  falts, 
may  be  made  to  imbibe  various  dyes,  yet  they  are  eafily 


*  Poeiner  Flirberey-Verfuche,  vol.  iii.  p.   13S. 

f  Scheffer  Chemifche  Vorlefungen  uberfezt  vcn  V/e'ge!,  p.  5- 
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wailicd  out  and  dcftroved.  Let  ns  try,  then,  if  a  method 
cannot  be  dlfcovercd  to  render  the  nature  of  cotton  more 
like  to  that  of  wool.  Tliis,  indeed,  will  be  the  cafe,  if  v;e 
inflil  into  it  an  oily  fiibftance  fo  as  to  become  a  component 
part  of  it,  which  can  ntrther  be  waihed  out  with  cold  water 
nor  foao,  nor  in  anv  other  manner. 

But  as  the  Turkilh  red  poU'ertes  all  thofe  qualities  which 
arc  requifite  in  luifis  that  have  been  dyed,  this  affords  a  fuffi- 
cient  proof  that  cotton  may  be  To  prepared  by  art  as  to  re- 
ceive a  conilant  and  fixed  colour.  That  Turkilh  dvc,  there- 
fore, mu(t  be  the  pattern  to  which  all  our  experiments  are 
directed  :  for  it  ftands  the  rays  of  the  fun,  as  a'ifo  the  a6\ion 
of  loap  and  common  lev  ;  though  w  hen  often  wadied,  and 
expofed  to  the  fim,  it  undergoes  fome  variation ;  but  the 
colour  is  fo  far  from  becoming  worfe,  that  it  is  rather  im- 
proved, and  rendered  brighter.  If  the  cotton  yarn,  however, 
be  dipefted  lono:  in  a  cauftic  lev.  or  rubbed  in  it  too  much, 
the  colour  is  injured.  Rectified  fpirit  of  wine  (alcohol)  does 
not  hurt  the  colour  of  the  yarn  digefted  in  it,  nor  does  the 
fpirit  acquire  any  tincture  fpom  it.  Spirit  of  fal-ammoniac, 
prepared  by  means  of  lime  (cauftic  annnoniac,)  is  no  lefs  in- 
efl'cctual.  The  colour  is  not  injured  bv  urine  when  under- 
iroing  decompofuion  ;  nor  does  microcofmic  fait  hurt,  but 
rather  makes  the  colour  more  agreeable,  as  is  faid ;  though 
that  experiment  I  never  tried.  Aiineral  acids  corrode  the 
threads,  but  the  colour  itfclf  remains.  If  digefted  for  fome 
days  in  nitiic  acid,  or  in  aqua-regla,  the  colour  becomes 
yellowiih,  and  at  Iciiath  difappears. 

Thefe  exjieriments,  which  I  mvfelf  and  many  chemifls 
have  tried,  fcemcd  to  preclude  all  hope  of  difiblving  and  dif- 
covering  the  nature  of  that  dye  ufed  by  the  Turks,  till  J.  C. 
Oettinjrer,  formerlv  profelTor  at  Tubingen,  who  has  deferved 
fo  well  of  chcmiftrv,  threw  out  fome  hints  likely  to  lead  to 
a  knowledge  of  it.  He,  a?  f.T  as  I  know,  was  the  firft  perfon 
v.-ho  had  an  opportunity  of  obfervine  the  great  effe61:  which 
oil  of  olives  has  upon  that  Turkev  dye.  Tie  found,  that  if 
cotton  varus  dved  with  it  were  dinned  in  this  oil, and  then  rub- 
bed  a  little,  they  loft  ilieir  col<uir,  and  that  the  whole  colour- 
in«>  matter  became  fo  thoroughlv  dilTolved,  that  other  threads 
could  be  dved  ii'.  that  oily  folution  ;  f:>  that,  bv  the  htlp  of 
oil,  the  dve  on  I'urkiih  yarn  could  be  transferred- to  other 
undved  cotton. 

Thefe  obfervations  afford  grounds  for  various  conjcftures. 
The  colouring-  matter  which  the  Turks  ufe,  is  perhaps  of 
fuch  a  nature  as  to  be  foluble  in  oil  in  the  fame  manner  as 
reiins ;  and  perhaps  the   colouring  matter  adheres  to  veg^e- 
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table  fubftances  b}'-  means  of  fomc  matter  dlflblved  by  the 
oil.  But  the  conrtaiicy  of  the  colour  in  alkaline  falts  oppofes 
this  conjecture ;  and  it  is  more  probable  that  the  Turks  may 
have  difcovered  fome  method  of  afiimilating  cotton  itufts  to 
thofe  made  of  wool,  and  of  thus  rendering  them  more  capable 
than  thev  naturally  are  of  receiving  the  colouring  fubftance. 
The  celebrated  profefibr  Pallas  proved,  a  few  years  aoro, 
that  this  conjecture  is  not  onlv  probable,  but  even  true.  This 
gentleman,  who,  in  travelling  through  the  immenfe  provinces 
of  the  Rutlian  empire,  directed  his  attention  not  only  to  ob- 
ferving  and  collecting  animals,  plants_,  and  minerals,  but  alfo 
to  various  uncommon  procciTes  employed  bv  the  inhabitants, 
which  might  ferve  to  improve  the  arts  of  Europe,  was  fo  for- 
tunate as  to  acquire  a  knowledee  of  the  manner  in  which  the 
Armenians,  who  have  retired  to  Altracan  on  account  of  the 
continual  troubles  in  Perfia,  dve  cotton  after  the  Turkifii 
manner.  This  procefs,  which  the  profeiTor  communicated 
to  the  public  in  1776  in  the  Peterfburgh  Journal,  I  Ihall 
not  defcribe  at  full  length,  but  only  relate  a  lew  circum- 
ftances  that  may  ferve  to  contirni  my  opinion,  and  to  be  a 
guide  to  others  in  profecuting  experiments  on  tl^js  fubject. 

The  cotton  yarn  is  ileepcd  by  the  Armenians  in  fifh  oil. 
It  is  theii  dried  in  the  open  air,  and  this  proce's  is  repeated 
for  feven  days  and  nights.  The  Armenians  fay  that  no  fifh 
oil  can  be  ufed  but  that  which  aflinnes  a  milky  appearance 
by  the  addition  of  an  alkaline  folution.  I,  indeed,  fufpect 
that  the  fat  of  marine  animaU,  and,  in  particular,  lilhes,  i^ 
much  fofter  and  more  fubtle,  and  penetrates  folid  bodies 
much  more  eafily  than  the  fat  of  other  animals;  and  it  is 
for  this  reafon,  in  my  opinion,  that  the  Armenians  ufe  only 
fi(h  oil,  which  can  be  readily  procured  at  Altracan. 

Tb.e  yarn  which  has  imbibed  a  futliciency  of  oil  is  waflied, 
dried,  and  dipped  in  an  aftringent  liquor  in  which  there  is  an 
abundant  mixture  of  alum. 

Cotton  yarn  thus  prepared  is  dyed  with  the  cdouring 
matter  of  madder  v.hich  has  been  mixed  with  calves  blood. 
In  my  opinion,  the  dye  of  tlie  madder  is  not- only  heightened 
by  the  rednefs  of  the  blood,  but,  as  the  red  part  of  the  blood 
is  of  an  oily  nature,  as  is  proved  by  the  red  globules,  which, 
by  the  help  of  a  microfcopc,  are  fecn  floating  on  blood,  it  may 
facilitate  the  entrance  of  the  colouring  matter  into  thfe  pores 
of  the  yarn,  and  the  alkaline  lalt  contained  in  bhood  act^ 
ftrongly  on  the  colouring  particles  of  the  niadder,  which  it 
extracts,  as  I  have  already  proved  by  expcriraents  with  alka- 
line falts,  '  K 

When 


6i  On  Dyeing  Cation  with  ths 

When  the  yarn  is  dyed,  it  is  digeftcd  for  24  hours  with 
a  {Irons;  foKuion  of  foda  in  an  earthen  jar  placed  over  a  fire. 
Bv  thefe  means  the  colour  is  more  ftronglv  faturated,  as  th© 
alkaline  fait  renders  moft  red  colours  more  obfcure  or  yellow; 
and,  if  there  are  any  remains  of  oil^  they  are  entirely  ex- 
tra'5led  by  the  folution  of  foda  *. 

What  has  been  here  faid,  is  confirmed  by  the  accounts 
given  of  the  method  of  dyeing  employed  in  the  Eaft  Indies; 
TOT,  though  it  may  appear  fomewhat  diiTerent  from  that  fol- 
lowed at  AftracaUj  yet  tlie  dvers  there  make  ufe  of  animal 
oil  or  animal  foap,  which  adheres  to  the  dungof  (lieep  and 
other  animals  f. 

Though  there  is  no  doubt  that  the  method  of  dyeing  de- 
fcribed  by  profefibr  Pallr^s  might  be  fuccefsfully  imitated  h-f 
our  dyers,  it  is  not  my  intention  to  make  any  trial  on  mad- 
der, but  rather  to  apply  the  principles,  which  I  have  already 
explained,  to  the  ufe  of  the  carthamus.  For  this  reafon,  I 
fubjedlied  to  experiments  a  piece  of  cotton  cloth  commonly 
called  ch'mtx,  which  was  white,  and  had  never  been  worn.- 
I  wadied  carefully  the  flowers  of  the  carthamus,  that  nothhig 
of  their  yellow  colouring  matter  might  remain;  after  which 
I  fteeped  them  in  an  alkaline  folution,  and  exprefled  the 
juice.  This  expreffed  juice,  which  contained  all  the  red  dye 
of  the  carthamus,  and  which  I  fliall  call  the  alkaline  liquor^ 
I  tempered  wiih  the  acid  of  lemon  juice. 

1.  Having  melted  hog's  lard,  I  fteeped  the  cloth  in  it  for 
two  hours,  and  then  wafhed  it  in  cold  water  until  fcarcely 
any  refiduum  of  the  fat  fubftance  was  feen  floating  on  the 
furface.  I  then  fteeped  the  cloth,  after  it  was  thoroughly 
dried,  in  the  alkaline  liquor,  and,  when  it  was  well  fatu- 
ratcd,  I  threw  it  into  lemon  juice,  and  repeated  the  fame  pro- 
cefs  frequently.  I  proceeded  in  the  like  manner  with  chintz, 
whrch  I  had  premacerated  in  water  alone,  and  not  with  ani- 
mal fat;  but  the  latter  imbibed  much  lefs  of  the  colouring 
matter:  and  this  experiment,  therefore,  proves  the  advantage 
of  ufing  fat  fubftances. 

2.  In  the  like  manner,  I  premacerated  cotton  cloth  in  a 
folution  of  common  foap,  and,  after  it  had  boiled  for  fome 
hours,  I  dried  it.     This  experiment  alfo  fucceeded ;  for  the 

■'*  For  orofefTor  Pallas's  account  of  the  procefs  followed  at  Aftracan  for 
Eyeing  Turkey  red,  fee  Philofophical  Magazine,  vol.  i. 

t  Compare  Lettres  tdifianles,  rec  xxvi.  See  alfo  Mimoires  d-^  Maihc- 
mainque  et  de  Pbyjltjue  pyffcntcs  a  I' Academ.de  Parisy  torn,  iv,  p.  i.  The 
procefs  for  dveing  defcribed  by  Pallas  is  fimilar  to  that  inferted  in  Obfewa- 
f ions  fur  U-€'jmmerc€  €t  fur  Us  Arts,  par  Flachat,  torn.  ii.  p-405. 
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cloth  thus  prepared  was  much  better  dyed  than  tliat  foaked 
in  water  alone. 

3.  But  common  oil  of  olives  is  much  fuperior  to  either 
hoff's  lard  or  foap.  I  boiled  cloth  in  this  oil  for  three  hours; 
I  Iqueezed  out  the  oil^  and  waflicd  the  cloth  in  cold  water 
till  not  a  drop  of  oil  feemed  to  be  left  in  it,  though  the  fmell 
ot  it  remained.  I  then  dried  the  cloth  either  above  a  (tove 
or  in  the  open  air;  dipped  it  feveral  times,  aliernatelv,  in  the 
alkaline  liquor  and  lemon  juice ;  and  obferved  that  there  was 
a  very  eiTential  difference  between  the  cloth  which  had,  and 
that  which  had  not,  imbibed  the  oil.  The  one  had  aiiumed 
a  ftronger  and  much  better  faturated  colour;  and  the  other 
one  much  weaker,  and  was,  at  the  fame  time,  covered  in  many 
places  with  various  pale  fpots.  The  cloth,  alfo,  which  had 
not  yet  imbibed  oil,  loft  much  of  its  colour  in  drying;  but 
the  colour  of  the  other  in  drying  feemed  to  acquire  ftrength. 
I  learned  alfo,  by  experience,  that  the  whole  procefs  fucceeds 
better,  the  oftener  the  cotton  is  thus  dipped  in  oil  and 
dried.  It  is  certain,  alfo,  that  the  cloth  extracts  fome  colour 
from  the  oil,  and  therefore  it  is  neceflary  that  the  latter 
ifiould  be  pure  and  limpid.  The  alkaline  fait,  by  which  the 
colouring  matter  of  the  carthamus  is  extracted,  is  of  great 
fer\'ice  in  this  procefs  ;  for  the  oil  is  fo  far  from  rejecting  the 
watery  colouring  matter,  which  fome  might  apprehend,  that 
it  rather  ftron^ly  attracts  it,  on  account  of  the  alkaline  fall* 
which  facilitaFes  its  entrance  into  the  pores  of  the  cotton. 

4.  As  thefe  experiments  had  fucceeded,  I  endeavoured  to 
imitate  with  the  carthamus,  as  far  as  poflible,  the  procefs 
employed  by  the  Armenians.  With  this  view,  I  boiled  a 
piece  of  cotton  cloth  feveral  times  in  olive  oil ;  then  wafhed 
it  thoroughly  in  cold  water,  and  afterwards  dried  it.  After 
this,  I  mixed  water  impregnated  with  the  yellow  colour- 
ing matter  of  the  carthamus,  or  a  yellow  infufion  of  the 
carthamus,  with  pounded  galls  and  alum.  I  then  took 
cloth  w-hich  had  been  premacerated  in  oil,  and  dipped  it  in 
this  folution,  after  it  had  boiled  a  little,  and  found  that  the 
cloth,  when  wrung,  was  of  a  yellow  colour.  Having  dried 
the  cloth,  I  dipped  it  in  the  cold  alkaline  liquor  of  the  car- 
thamus, and  then  immerfed  it  in  lemon  juice;  and  this 
being  frequently  repeated,  the  cloth  appeared  of  a  beautifui 
and  full  red.  Cloth  which  had  not  been  fteeped  in  oil,  but 
which  in  other  refpc(9:s  had  been  expofed  to  the  like  pro- 
cefs, was  of  the  fame  colour,  but  a  little  paler;  and,  for  that 
reafon,  I  recommend  this  mode  of  dyeing  to  thofe  who  do 
jQot  choofe  to  employ  oil. 

I  (hall  now  add  in  what  manner  I  tried  the  conftancy  or 
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durability  of  this  dye.  But  I  fhall  fpeak  only  of  thofe  clothe 
which  were  prcniaccratcd  iu  an  aftringent  folution  ot  alum. 
The  cloth  which  had  imbibed  oil,  an3  that  which  had  not 
imbibed  il,  both  flood  alkaline  ialts;  for  thefe  falts  rendered 
the  colour  of  both  darker,  without  any  other  change.  Nitri(J 
acid  not  diluted  with  water  rendered  the  colour  of  both  firft 
brighter,  then  yellow,  and  at  laft  deftroyed  it  altogether. 
But  ftill  there  was  a  great  difference :  for  the  cloth  which 
had  been  prepared  with  oil  retained  its  colour  much  longer, 
and  when  waflicd  in  water,  at  the  end  of  feven  or  eight  mi- 
nutes the  colour  returned,  but  of  a  violet  hue;  whereas  cloth 
prepared  without  oil  loft  its  whole  colour  fooner.  The  fame 
acid  diluted  injured  the  latter,  but  not  the  former.  Even 
the  Turkey  dye,  prepared  with  madder,  which  is  more  con- 
ftant,  will  not  long  withftand  the  nitric  acid;  nor  is  it  ne- 
ceffary  that  all  our  cloths  ibould  be  of  fuch  a  nature  as  to 
bear  all  acids.  If  a  few  drops  of  mineral  acid  fall  by  chance 
upon  a  piece  of  cloth  dyed  in  this  manner,  a  vellow  fpot  is 
produced  ;  but  it  entirely  vanilhes  from  both  kinds,  if  the  acid 
be  immediately  well  walked  out  with  water.  It  is  needlefs 
to  remark,  that  acid  vegetable  juices  do  this  dve  no  hurt.  It 
fuftains  no  injury  from  human  urine,  even  if  the  cloth  be 
left  in  it  for  feveral  davs.  When  expofed  to  the  rays  of  the 
fun  for  fome  days,  thefc  cloths  fuffered  no  injury,  though 
that  dyed  without  oil  feemcd  to  have  loft  more  of  its  colour* 
But  cloth  which  has  even  been  prepared  v.ith  oil,  will  not 
bear  to  be  boiled  with  foap;  its  colour  firft  becomes  violet, 
and  then  totally  difippears. 

Thefe  few  experiments  fo  fully  demonftrate  the  great  ad-» 
vantfio'e  of  oil  m  dyeing  cotton,  that  no  doubt  can  be  enter- 
tained of  its  utility.  I  muir  ftrongly  recommend  it,  there^ 
fore,  not  only  to  thofe  who  dye  cotton,  but  to  thofe  alfo  who 
dve  linen.  For.  as  the  great  power  of  the  oil  on  the  too 
fadino-  dve  of  the  cartharnus  is^  that  the  colouring  matter  is 
fooner  abforbed,  and  in  greater  abundance,  by  the  cloth,  and 
alio  retained  longer  by  it,  its  power  would  doubllefs  be  much 
greater  upon  dves  which,  by  their  natural  qualities,  bear, 
without  anv  afliliance,  foap,  the  rays  of  the  fun,  and  falts, 
by  which  the  dve  of  the  delicate  cartharnus  is  injured.  I  do 
not,  however,  imagine  that  I  have  found  out  the  beft  me- 
thod of  employing  oil ;  but  I  entertain  a  hope,  that  thofe 
who  may  profecute  thefe  experiments  will  difcover  a  better. 
Thofe,  in  my  opinioi,  will  be  more  fuccefsful  who  ran  ufe 
fifh  oil,  which,  in  many  places,  may  eafily  be  procured  by 
dyers.  Nor  is  it  impofiible  that  whale  oil,  called  commonly 
train  oil,  may  be  lo  prepared  as  to  be  fit  for  the  purpofe^  of 
4  dyeing. 
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iSveino'.     Dvers,  however,  may  reft  afTured  that  the  colour 
'v(hich  thev  wi(li   tor  will  ])e  more  conftant  the  oftener  the 
cloths  to  be  dved   are  dipped  in  oil,   or  are  boiled  in  pure 
lubtle  oil,  and  then  dried. 


Xr.  Defcrlption  of  a  neiu  Furnace  for  confuviing  Us  ozvn 
Smoke f  andfoi'ing  Fuel :  invented  h'  Mcffrs,  Ro  B  E  R T  O  N , 
^f  Glafgrjzu. 


T. 


O  conftrucl  furnaces  on  fuch  a  principle  as  (liould  en- 
able them  to  confumc  their  own  fmoke,  has  long  been  a  de- 
fideratum  ;  and  we  believe  the  public  in  general,  but  efpe- 
ciallv  thofe  who  have  been  annoyed  by  the  fmoke  of  ftcam 
engines,  founderies,  and  fmiilar  erections  in  their  neighbour- 
hood, will  be  glad  to  learn  that  a  furnace  has  been  contrived 
Avhich  effectually  gains  this  end. 

The  conftru*5^tion  is  extrcmelv  fimple,  and  will  be  eafiiv 
miderftood  bv  the  following  defcription,  and  the  plate  t(.> 
which  it  refers. 

Fig.  I.  (Plate  i.)  reprefents  a  vertical  feftlon,  and  fi^;.  2. 
a  front  view  of  a  fteam-engine  boiler,  furnifhcd  with  one  ot 
Meflrs.  Roberton's  furnaces ;  and  the  fame  letters  refer  in 
both  to  the  fame  parts  of  the  conftruction. 

The  openino;  A,  through  which  the  fuel  is  introduced  into 
the  furnace,  is  fliaped  fomewhat  like  a  hopper,  and  is  made' 
of  call  iron  built  into  the  brickwork  H,H.  From  the  mouth 
it  inclines  downward  to  the  place  where  the  fire  refts  on  the 
bottom  grate  B.  The  coals  in  this  mouth-piece  or  hopper 
anfwer  the  purpofe  of  a  door  *,  and  thofe  that  are  loweft  are 
by  this  means  brought  into  a  ftate  of  ignition  before  they  are 
forced  into  the  furnace.  Below  the  lower  plate  of  the  hoppei 
K,  e  the  furnace  is  provided  with  front  bars  Gf,  whicli 
not  only  ferve  to  admit  air  among  the  fuel,  but  offer  a  ready 
way  to  force  the  fuel  back,  from  timaC  to  time,  from  c  to  dX% 

"''  In  the  manascr.ient  of  tliis  furnace,  whar  is  chiefiy  to  he  atrended  to 
is,  that  the  hopper  be  kept  full  of  coal,  and  either  wholly  or  in  part  fmali 
coal,  to  p;  event,  as  much  as  po-!lb!e,  air  getting  in  hv  th^t  paiTaLr^  :  it  is  ally 
neceiTary  at  fotr.e  times  to  ufc  a  fliutter  of  thin  pbte-iron,  to  be  applied  to 
the  month  of  the  hopper  to  exclude  the  entrance  of  air  bv  that  paifage. 

f  Thefe  bars  are,  in  fadl,  a  c:r3ted  door,  kept  in  tb.eir  polition  bv  n 
catch  L,  and  which  vmy  be  opened  at  pieaiure  for  cleaning  the  fire  our. 
In  liTiall  furnaces  an  opening  hero  is  all  that  is  nccelTaiy  :  the  bars  may  I'f 
difpeufed  with. 

+  Between  the  back  end,  ^s',  of  the  bottom  bars,  and  the  brcift  brick - 
^vork  by  is  reprefented  in  the  p!nte  a  feftion  of  a  {butter,  wliich  is  fomc- 
times  opened  for  the  purpofe  of  getting  our  the  rfjCufe  of  the  fuel. 
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to  make  room  for  frefli  quantities  to  fall  into  the  furnace  fi'orii 
tJie  hopper  or  mouth-piece.  By  this  arrangement  the  fuel 
is  brouaht  into  a  Itate  ot  i^rnition  before  it  reaches  the  further 
fide  of  the  bottom  grate,  where  it  is  flopped  by  the  riling 
bread,  />,  of  the  brick-work,  fo  that  any  fmoke  liberated  from 
the  raw  coals  in  the  mouth-piece  mull  pafs  over  thefe  burn- 
ino;  coals  before  it  can  reach  the  flue  FFF.  But  this,  thoug^h 
it  would  caufe  a  large  quantity  of  the  fmoke  to  be  burnt, 
would  not  completclv  prevent  the  efcape  and  afcent  of  fmoke 
lip  tlic  chimnev  ;  for  it  is  not  merely  neccflary  that  the  fmoke 
fliould  be  expofed  to  a  heat  fufficient  to  iocnite  it  before  it 
efcapcs  :  unlefs,  at  the  fame  time,  a  quantity  of  frefli  air,  able 
to  furnifli  a  fufficiencv  of  oxv'2;cn  for  the  combuftion  of  the 
fmoke,  can  be  brought  into  contaft  with  it,  it  will  lliTl  efcape 
in  an  undecompofed  ftatc.  The  judicious  admiflion  of  frefli 
air,  in  fuch  a  manner  that  it  can  reach  the  fmoke,  without 
previoufly  paffing  through  the  fire,  and  parting  with  its  oxy- 
gen in  its  pafl'age,  and  in  fuch  quantity  as  not  to  cool  the 
bottom  of  the  boiler,  but  merely  to  caufe  the  fmoke  to  burn, 
conftitutcs  the  chief  merit  of  this  invention;  and  to  us  it 
appears  that  it  will  fullv  anfwer  the  propofed  end.  Below  the 
npper  fide  of  the  mouth-piece  or  hopper,  and  at  about  the 
diftance  of  3-4ths  of  an  inch  from  it,  (this  fpace  being  a  little 
more  or  lefs^  accordingto  the  fize  of  the  furnace,)  is  introduced 
a  call  iron  plate  an.  This  plate  is  above  the  fuel,  and  the 
fpace  between  it  and  the  top  of  the  hopper  is  open  for  the 
admiflion  of  a  thin  ilream  of  air,  which,  rufliing  down  the 
opening,  comes  firft  in  contaft  with  that  ])art  of  the  fire 
which  is  oiving  off  the  grcatelt  part  of  the  fmoke,  viz.  the 
fuel  that  has  been  lalt  introduced,  mixes  with  it  before  it 
paffes  over  the  fuel  in  tl^.e  interior,  which  is  in  a  high  Itate 
of  combuiiion,  and  enables  it  to  inflame  fo  completely,  that 
not  a  particle  of  fnioke  ever  efcapcs  undecompofed. 

The  quantity  of  air  thus  admitted  lo  pafs  over  the  upper 
furface  of  the  lire,  is  regulated  by  a  very  fimple  contrivance  : 
The  plate  a?!  refts  at  each  end  on  a  find,  or  pin,  projecling 
from  the  cheeks  of  the  mouth-piece  A,  or  is  furmflicd  at 
each  end  y/ith  a  piyot  wdiich  works  in  the  cheeks;  the  laid 
pins  or  pivots  being  placed  about  mid-way  between  the  out- 
lide  and  infide  of  the  mouth-piece  or  hopper,  fo  that,  by 
elevating  or  depreflning  the  edge  a  of  the  plate,  the  openinii  at 
71  is  enlarged  or  diminifhed.  When  that  degree  of  opening 
which  produces  the  bell  eSecls  is  obtained,  which  is  eafily 
known,  the  plate  a7i  is  kept  in  its  place  by  means  of  a  piece 
of  iron  introduced  above  it^  and  anfvvering  the  purpofe  of  ii 
wedoe. 
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Under  the  grates  is  the  afh-hole  T^  the  upper  part  of  which 
IS  furni(hed  with  doors  S  S,  which,  when  (hut,  prevent  the 
heat  from  the  front  bars  G  from  coming  out  into  the  apart- 
ment, and  incommoding  the  workmen 

Invited  bv  an  ad\'ertifenient,  we  went  to  MefTrs.  Bunnell 
and  Silver,  Bedford -ftreet,  Covent  Garden,  to  fee  one  of 
thefe  furnaces  at  work,  and  we  were  not  a  little  gratified  in 
obferving  that  the  fmalleft  appearance  of  fmoke  could  not  be 
perceived  iiTuing  from  the  top  of  the  chimnev.  The  advan- 
tages of  fuch  an  improvement  can  h^.rdly  be  belter  iikittrated 
than  by  mentioning  what  had  actually  happened  with  this 
fteatn -engine.  The  fmokc,  before  the  improved  furnace  was 
employed,  incommoded  the  neighbourhood  (o  much,  that  it 
was  Hopped  as  an  intolerable  nuifance.  Now  it  is  fo  far- 
from  difturbing  any  one,  that,  without  being  admitted  to  fee 
the  engine^  it  would  be  actually  impoffible  to  know  when  it 
is  at  work. 

Thefe  furnaces,  we  underftand,  have  aifo  been  adopted  by 
many  intelligent  manufacf  urers  at  Leeds  and  at  Manchefter, 
At  the  latter  place,  if  we  may  credit  newspaper  repo-'ts,  fe- 
veral  maimfaclurers  have  had  their  works  indicted  as  nui- 
fances  for  not  having  adopted  the  improvement ;  the  magi- 
ilrates  arguing,  that,  thouo-h  the  welfare  of  the  place  required 
that  fuch  inconveniences  (liould  be  fubmitted  to  while  no 
poflible  cure  for  them  was  known,  the  health  and  couifort  of 
the  inhabitants  equally  demand,  now  that  the  evil  can  be 
done  away,  that  fmoking  furnaces  fliould  not  be  permitted  in 
the  place. 

We  earneftlv  recommend  to  owners  of  fteam-engines,  and 
alfo  to  thofe  who  are  annoyed  by  them,  to  endeavour  lo  brinn- 
this  improvement  into  general  ufe.  Indeed,  we  entertain  no 
doubt  of  its  being  univerfally  adopted  fooner  or  later;  for  it 
yields  advantages  not  only  in  point  of  cleanlinefs,  comfort, 
and  health,  but  alfo  in  point  c>i  inter ejl — all  the  fmoke  ufually 
difcharged  at  the  top  of  the  chimney,  beintr,  in  fact,  fo  much 
good  fuel,  that  only  wanted  the  conta6l  (>f  frefli  air  to  inflame 
it  under  the  boiler.  It  is  a  fact  well  kuown,  that  the  tlarne 
which  is  often  feen  iiluing  from  the  chimneys  of  founders, 
Sec.  has  no  cxiftence  except  at  the  top  of  the  chimney :  while 
afcending  the  flue  it  is  only  dcnfe  fmoke,  confiftincr  of  the 
azote  of  the  atmofpheric  air  decompofed  in  paflinc:  through 
the  fire,  of  hydrogen,  coal  tar,  and  carbonaceous  matter,  of 
fuch  a  high  temperature,  that  it  only  wants  oxv^gen  to  make 
it  inflame  fpontaneoufly  :  this  it  obtains  from  the  atmofpheric 
air  into  which  it  afcends,  and  then  prefents  fuch  ajipear- 
ances  as  would  make  a  hafty  obferver  adopt  the  opinion  that 
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the  flame  had  afcended,  as  flame,  from  the  fuel  in  the?  far- 
nace  ;  which  is  bv  no  means  the  cafe.  A  confideration  of 
this  iimple  fact  will  convince  any  perfon  that  it  is  not  an 
inconflderable  proportion  of  the  fuel  that  is  thus  wafted.  Nor 
is  this  the  only  lofs  faitaincd;  the  quantitv  of  heat  required 
not  merely  to  render  fuch  a  portion  of  the  fuel  volatile,  but  to 
give  to  it  a  temperature  able  to  produce  the  effecl  of  which 
we  have  taken  notice,  is  itfclf  furniflied  at  the  expenfe  of  an 
extra  and  unnecefl'ary  quantity  of  fuel  1  The  whole  wafle  in 
many  cafes  is,  we  are  perfuaded,  not  lefs  than  an  eighth  of 
the  whole  fuel  employed. 


XII,    Ohfcr-jat'ions  on  the  Onager  of  the  Anfienfs,  or  the  real 
JVild  Afs,     By  Profeffor  Pa llas  *. 
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UR  cabinets  of  natural  biftory  contain  a  multitude  of 
animals,  and  other  natural  produ6lions,from  both  the  Indies,, 
which  are   even  Icarce  in  their  native  countries,  and  which, 
on  that  account,  are  fent  as  rarities  to  Europe :  on  the  other 
hand,  many  fpecies  common  in  diftricls  not  very  remote  from 
Europe  are  (till   imperfectly  knov/n,  and  therefore  the  exift- 
ence  of  many  of  them  is  accounted  doubtful,  becaufe  people 
do  not  give  themi'elves  the  trouble  to  examine  the  places 
where  they  are  found.     Of  the  truth  of  this  obfervaiion,  the 
wild  afs,  or  onager,  fo  often  mentioned  by  antient  authors,  is 
a  remarkable  inllancc.     From  the  filence  of  moft  of  the  mo- 
dern travellers  in  the  Eaft  reipe^ling  it,  one  might  almofl:  be 
induced  to  conclude  that  the  race  of  this  animal  is  become 
entirely  exlinc^t.     An  evident  caufc  of  this  is,   that  the  Eu- 
ropeans  have  very  little  intcrcourfe  with  thole  diflricts  from 
which  the  Romans  procured  wild  afl!es  for  breeding  mules. 
As  our  travellers  are  obliged,  for  the  fake  of  fecunty,  to  go 
in  larp-e  caravans  when  they  pafs  through  the  Afiatic  deferts, 
where   thefe   animals  refide,  they  cnn  fee  only  a  very  fmall 
portion  of  the  country.     It  is   therefore  not  furprifing,   that 
animals  noted  for  their  {liynefs   and   timidity    fliould   efcape 
their   obfervation.     I   have  been  allured,  in  a  letter   from 
M.  Niebuhr,  the  celebrated  traveller  in  Arabia,that  during  the 
whole  courfe  of  his  travels  he  never  faw  a  wild  afs,  not  even 
in  Syria,  where,  at  the  time  when  that  country  was  vifited 
by  Rauwolf  t,  who  fpeaks  of  thefe  animals,  they  muft  not 
have  been  very  uncommon.     Betides  this  old  naturalift,  and 

'*  From  }Seue  Nordifche  Brytyii^e,  by  profeiTor  Pajias,  vol.  ii. 
f   Rauwolfs  Reiie,  Aug/,  i^h^y  /""o.   p.  65. 
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Pielro  della  Valle  *,  I  Icarcely  know  one  traveller  in  the  Eaft 
who  has  fpoken  of  the  onaoer  from  his  own  obfervation.  The 
latter  only  mentions  it  in  confequence  ot  having  feen  one 
which  WHS  kept  al  Bailora  as  a  curiolity;  and  O'eariusf  favv^ 
fome  wild  afTes  in  a  park  in  Ptrfia,  where  they  had  been  col- 
]e(9:ed  for  the  purpoles  of  hunting.  One  of  the  old^ft  European 
travellers,  who  penetrated  to  tiie  deferts  of  Great  Tartarv,  the 
monk  Rubriquis  I,  hril  makes  mention  of  the  Tartarian 
mime  In/aji,  nnder  which  thev\iid  afs '%  at  prefent  known, 
by  tlie  wandering  tribes  of  thole  countries.  In  the  journal 
oi  the  two  Eiiglilh  travellers  Hogs;  and  Thonipfon,  publifhtd 
by  Hanwav§  in  his  Travels,  mention  is  made  of  whole  hcrdsf, 
not  only  of  anteloj->es  and  wild  hories,  but  alfo  of  wild  aifes, 
^vhich  ihev  met  with  in  ihe  neiirhbourhood  of  the  lake  AraL 
and  m  the  courfe  of  their  travels  through  the  diftricts  lying  to 
the  ea(t  of  the  Cafpian  lea. 

This  imperfect  information  is  aimoft  the  whole  of  what  is 
found  in  the  modern  travellers  refoeiiting  the  exiilence  of  the 
wild  als  in  i\fia,  where  this  animal,  in  tlie  time  of  the  Ro- 
mans, was  generaliv  known,  as  far  as  Lelfer  Afia,  Svria,  and 
Arabian.  Kelpeclincr  thofe  in  Africa  our  information  is 
equally  deficient;  and  I  can  adduce  no  other  teltimony  of 
their  exiftence  in  that  cOuntrv,  than  what  is  to  be  found  in 
Leo  Africanus  and  Marmol.  For  thofe  faid  to  have  exilied 
formerly  in  the  Canaiies  in  great  abundance,  were  produced 
from  tame  aifes  fuffered  to  run  wild,  and  a!e  now  entirelv 
deltroyed  ^,  The  cafe  was  the  fame  with  thole  which,  ac- 
cording 

*  Voyage  dc  Pittro  de'la  Valle,  An^/I.  i7(>6,  part  iii,  p.  137^  part  vi. 
p.  105. 

t  Olc^rius  Rei'e  nach  Perfien,  ^chltfiuig  1656.  p.  5^6. 

X    Xligcmtinc  GcfcK    dc:  R'^ilen,  vq..  vii.  b.  m.  c.  2. 

§  Mav.v'y's  H  florical  Accjunc  of  tue  Britilh  Trade  on  the  Cafpian 
Sea,  \u\.  i.  p.  ^4.9. 

II  V-j'TO  and  Pliny  fpeak  of  ••he  onager  ?s  an  animal  very  comTion  iji 
LelT'-T  Afia.  Xcnophon,  S  ctonius,  std  Aumianui  Marcellinus,  giverhe 
fair.e  account  in  rc^jrd  to  M  Ibpotctmia.  Peifia.  apd  the  kingdom  of  Prirthia. 
Tacitus  in  his  account  cf  the  Ifiaelites  lav,,  mat  duimg  their  icurney 
throit.;h  tlic  A.ahian  dtlcit  under  tlje  dirtdtion  of  Alofes.  they  onen  fol- 
lowed ihe  wild  affesjby  which  means  t^ey  were  enabled  to  difcover  ipringi^. 
Tlie  ScripHire  alio  fpcak-s  or  ihc  wild  a(s  as  an  anvinal  very  common  hi  liic 
del'errs  bordering  on  Paleftine  None  of  the  anticnt  authors,  however,  ex- 
cept Oppian,  has  left  U6  a  prccile  delcription  of  the  onager;  but  it  clearly 
appears  fioni  Oppian,  that  under  this  n-me  the  antients  undcrUuod  the  wilj 
all.  properlv  To  cailed,  which  I  have  here  defcribed  ;  and,  in  my  opinion, 
none  but  Philoilor^ius  applies  the  above  appellation  to  the  zebra. 

^  See  on  this  fubjedt  the  teftimony  of  Aloyiuis  Cadamollo  in  the  col- 
leftion  of  Ramufio,  part  i.p.  90  :  and  what  GUIs  fays,  in  his  D.fciiptioa 
of  the  Canary  iflandi,  of  the  general  hunting  match  v.hich  :hc  inhabitants 
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cording  to  Dapper's  account,  were  found  v;  ild  forftierly  iti 
ibme  of  the  iflands  of  the  Archipelago,  but  of  which,  at  pre- 
fent,  no  traces  remain. 

Bv  the  accounts  which  I  have  received  from  fome  of  the 
wanderini:  Afiatic  tribes,  and  from  Ruffians  and  Tartars  who 
efcaped  from  the  flavery  of  thele  people,  and  ah'o  from  Bu- 
charian  merchants  who  had  travelled  with  the  caravans,  it 
appears  certain  that  in  the  diftricSts  of  Great  Tartary  there 
are  abundance  of  uild  all'ts,  which  theTe  people  call  kulan. 
Theie  animals  proceed  from  the  fouth  in  inriumerable  herds, 
and  fpread  themfelves  in  the  mountainous  naked  deferts  Iving 
to  the  north  anu  eaft  of  the  lake  Aral,  where  ihev  feed  during 
the  fummer,  and  in  autumn  unite  in  hundreds,  and  even 
thoufands,  in  order  to  feek  for  a  warmer  winter  refidence  in 
the  fouthern  diftricls  on  the  borders  of  India  and  Periia. 
From  a  pafl'aoe  in  Baiboza's  Travels  "'  it  appears  that  thefe 
emigrations  exiend  even  to  the  fouthern  parts  of  India  ;  but 
it  is  certain  that  Perfia  is  the  moit  commori  winter  refidence 
of  the  w  ild  afs,  and  every  year  thev  are  found  in  the  moun- 
tainous diltricts  around  Caibin.  Refpcfting  their  emigra- 
tions, in  the  oirTri(fils  ofTaitary,  eye-witnefles  have  affured 
mc  that  traces  of  large  herds,  from  two  to  three  hundred 
fathoms  iii  breadth,  mav  be  often  feen  on  the  plains.  But 
as  thev  remain  at  a  confiderabie  diuance  from  the  Rufiian 
frontiers,  and  feldom  proceed  northwards  beyond  the  48Lh 
degree  of  latitude,  it  was  never  pofiible  for  me,  during  my 
refidence  c-u  .the  borders,  DOtv.'ithiiaiiding  all  my  exertions, 
to  obtain  a  defciiption  of  this  animal  from  the  Kirgifians. 
I  therefore  requeikd  piofeubr  Gmelin,  whom  on  mv  return 
to  Aftracan  I  found  on  the  eaftern  coaft  of  the  Cafpian  fca, 
ready  to  fet  out  on  a  fccond  tour  to  Perfia,  to  procure  all  the 
information  he  could  refpefting  the  kulan,  and  to  make  us 
at  lenirth  acf]uainled  with  the  nature  of  the  afs  in  its  wild 
ftate  :  but  he  v.  as  not  able  to  obtain  from  the  interpreters  a 
real  wild  hul  n.  We  are,  however,  much  indebted  to  him 
for  two  animals  of  this  kind,  bred  at  Caibin  from  kidan  colts 
which  had  been  caught  wild,  and  which  he  brought  with 
him  from  Perfia.  The  ingenious  pupil  of  Gmelin,  who  ac- 
companied him  on  his  lecond  tour  to  Perfia,  M.  Plablizl, 
has  given  a  careful  defcription  and  meafurement  of  the  kulan 
ftaiiion  which  died  m  the  courfe  of  the  fea  voyage  to  -i'lftra- 

cf  t  e  .flaiid  of  FnrrevtV;rui"a  were  obliged  to  undei  t;jke  on  account  of  the 
■great  incrtalc  of  wild  allcs,  and  dunn^  v, hich  15CC  of  tMcle  ^nimais  were 
deltrcyi-d. 

'   Sec  the  account  of  Odoard  Barboza  \x\ 'kamiifiCi  part  ii.  p.  300.  where 
wild  alTcs  arc;  intnriontd  in  tiie  mcunraii.s  of  Maiatar  end  Golcondit. 
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can,  together  with  an  accurate  drawing  of  it.  The  female 
\vas  brought  ahve  to  Peteriburgh,  and  was  dchvercd  to  me 
with  the  above  defcription ;  and  from  tbefe  the  prefent  de- 
fcription  of  the  wild  afs  or  onager  of  the  anlients  has  been 
formed. 

The  Perfians  pronounce  the  name  of  the  wild  afs  hurhan, 
as  it  is  written  by  Olearius.  Thev  call  it  alfo  in  the  Turkifli 
dialciSl  dagha-ifchaaki,  or  the  mountain  afs,  becaufe  it  pre- 
fers hving  ill  the  drieft  and  molr  mountainous  deferts.  Among 
thefe  as  well  as  fome  Tartar  tribes  it  is  on  ohje6t  of  the  chacc, 
and  hunted  in  various  v/avs.  The  Kirgifians  lie  in  wait  for 
the  kidan,  and  endeavour  to  (lioot  it  in  order  to  feaft  on  its 
flefh,  for  the  roaded  flelh  of  this  animal  is  one  of  their  dain- 
ties;' and  indeed  muft  not  be  ill  tailed,  fince  we  learn  fi'oni 
Pliny  that  the  flefh  of  the  voung  onager  was  much  fought 
after  by  the  Romans*.  On  the  oiher  hand,  the  Perlians 
rather  try  to  catch  the  wild  afs  alive  in  pits  carefully  covered 
fo  as  to  conceal  them,  which  they  dig  in  the  ground;  and, 
that  the  animal  may  not  be  injured,  they  fill  the  pits  to  a 
certain  height  with  ha  v.  The  animals  are  driven  towards 
the  places  where  fuch  pits  have  been  made,  by  a  company  of 
hunters  wdio  ailbmble  for  that  defign,  and  the  young  colts 
are  fold  at  a  high  price  to  the  principal  men  of  the  country 
for  the  purpofes  of  breeding.  From  the  wild  colts  caught  in 
this  manner  are  produced  thofc  beaullfal  and  a6five  riding 
alles  employed  even  in  Perfia,  and  in  Arabia  and  Egypt,  for 
travelling  through  the  deferts,  and  which  in  the  latter  coun- 
tries are  fold  fometimes  for  75  ducats.  According  to  the 
acco!.mt  tranfmitted  to  me  by  M.  Niebuhr,  there  are  many 
of  thefe  riding  afi'es  which,  in  point  of  colour,  have  a  perfe^^t 
refemblance  to  the  wild  afs  here  defcribed.  Tavernier  fays 
that,  in  Perfia,  beautiful  faddle  alTes  are  dearer  than  the  bell 
horfes,  and  often  cofl  a  hundred  dollars  t-  He  makes  an 
exprefs  diuincflon  between  them  and  the  conmion  breed  of 
aifes,  which  abound  in  Perlia  as  well  as  in  Eucharia  and 
China,  but  are  emploved  only  for  the  draught  and  for  carry- 
ing burdens;  and  from  the  Periian  cuftom  which  he  men- 
tions of  painting  thefe  faddle  afles  red,  uhich  is  done  alfo  in 
Egypt  with  ihitkaima^  we  mav  perhaps  be  able  to  explain  the 
fabulous  account  given  by  ^4ilian  of  the  red-headed  onager 

*  Pli/i.  Hiji.  N.'t.  lib.  viii,  c.  44:  — "  The  btft  onagers  are  fcjnd  in 
Phrygia  and  l-ycaonia.  The  foals,  as  dainties,  ate  known  under  the  name 
lali/iomsy  and  come  chiefly  from  Africa.''  Ti.is  author  fays  foor  aft'-r 
(cap.  4s..)  that  Mccenas,  at  the  Roman  entertninm-ncS;,  introd'jccd  the  flcfk 
of  young  mules  inftcaq  of  that  foreign -venifon, 

\  Voyage  de  Tavernier,  liv.iv.  c.  3. 
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in  India;  to  which  he  likcwife  adds  a  horn  on  the  forehead  *, 
Le  Bruyn  and  Adanfon  f  praiie  alfo  thefe  riding  afles  pro- 
duced from  wild  aifcs,  and  they  are  extolled  bv  all  oriental 
travellers.  Thev  poflcfs  all  the  good  properties  of  the  wild  race, 
from  which  thev  arefprung;  that  beautiful  figure  on  account 
pf  which  Martial  gives  to  the  onager  the  epithet  of />?//^i'^r — 
great  agility  and  fleetnefs  in  running.  Befides,  they  are 
"hiehlv  valued  becaufc  on  journeys  through  the  defert  coun- 
tries they  hold  out  much  better  than  the  Tartar  horfes,  and 
advance  with  an  uiiilorni  pace  at  a  fader  rate  than  even  the 
camel :{:. 

The  flie  afs  brought  to  Peterfbureh,  a  reprefentation  of 
which  in  two  polnions  is  annexed,  (fee  Plate  IT.)  had  not 
attained  to  her  full  growth,  and  in  all  probability  continued 
fo  weakly  becaufe  llie  had  been  caught  vouns:  and  badlv  taken 
care  of.  She,  ho\vever,  was  able  to  perform  the  journey  from 
Aftracan  to  Mofcow,  in  fummer,  which  is  more  than  two 
hundred  German  miles,  continuallv  trotting  behind  the  poft- 
waeiron  without  relting  more  than  two  niti;hts ;  and  though 
flie  had  fuifered  confiderablv  bv  fometimes  fallins:down  and 
being;  draeacd  behind  the  carriage,  (lie  had  fufficitnt  ftrength, 
after^a  (hort  ftay  at  Mofcow,  to  travel  two  hundred  miles 
further  to  Petcfburgh  :  when  flie  arrived  there,  indeed,  flie 
was  exceedingly  meagre  and  in  bad  condition,  and  could 
fcarcelv  ftand  on  her  legs.  She  died  towards  the  beginning 
of  autumn ;  but  rather  in  confequence  of  the  cold,  and  damp- 
nefs  of  the  climate,  together  with  change  of  food  and  the 
means  emDloved  to  cure  an  eruotion,  which  had  broken  out 
on  her  ilcin  in  confequence  oi  being  overheated  on  the  journey. 
Notwithftanding  this  malady,  fhe  recovered  her  (frength  fo  far 
as  to  fliow,  m  part,  her  former  agihty,  and  that  flie  pollefl'ed 
properties  very  fuperior  to  common  afles.  But  the  damp- 
nefs  of  autumn  was  evidently  injurious  to  her;  for  when  ilie 
went  out  into  the  wet  fields  her  hoofs  foqn  fplit,  and  at 
leno^th  dronned  from  her  feet. 

All  the  Tartar  tribes  confider  the  wild  afs  as  one  of  the 
fwifteft  of  animals,  and  unanimouOy  afl'ert,  that  the  fleeteft 
of  their  horfes  are  unable  to  keep  pace  with  this  light  and 
flender  animal.     We  are  told  by  Xcnophon  that  the  wild 

*  yElian.  Hill:.  Animal,  lib.  iv.  c.  52. 

■f  Le  Bruyii  Reize  over  Mofkovie  door  Perricn  en  Inclien,  p.  405  : 
Adanlon  Voyaire  ru  Senegal,  p    118. 

:}:  Niebul^.r  eltimates  the  diftance  which  a  riding  afs  can  travel  with  an 
uniform  pace  in  half  an  hour  to  be  1750  paces — double  thofe  of  a  man  ; 
svhereHS  the  largt  ft  camels  can  travel  only  975,  and  the  dromedary  1500 
at  raofl.     See  his  Rc/ze  in  Andien,  p.  31 1;  312. 
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aiTes  of  Mefopotamia,  when  hunted,  Hopped  fometimes  as  if 
to  take  a  nearer  vie\,v  of  their  purfuer-,  and  then  fpraiig  for- 
ward again  with  fuch  velocity,  that  the  bed  horfen  could  not 
overtake  them.  All  the  antient  authors  extol  their  fpeed  in. 
running;  and  their  Hebrew  name,  pavtrd,  is  derived  froru 
this  property.  As  they  arc  fond  uf  feedinn;  on  the  cold  rocky 
hills  and  mountains,  nature  has  endowed  them  with  the 
power  of  ooing  with  the  s:reatclt  yelocity  over  the  roueheft 
ground  and  alono-  the  narrowelt  paths  ;  and  this  property 
has  even  remained  with  the  common  flueffilli  afs,  and  from 
it  has  been  tranfmitted  to  the  mule.  The  ihapc  of  the  ani- 
mal feems  as  if  deftined  for  this  purpofe ;  the  body  being 
very  (lender,  while  the  feet  Itand  nea:  10  each  other,  and  the 
fmall  round  hoofs^  which  are  exceedingly  hard,  are  il;arp  oa 
the  edges. 

As  the  wild  afs  frequents  the  drv  fuuthem  diftriois,  and 
never  wanders  fo  far  north  as  the  wild  horfe,  herds  of  whicK 
are  found  under  the  56th  degree  of  latitude,  the  tame  afs 
does  not  thrive  fo  well  m  the  damp  northern  diftricls  as  the 
horfe;  and  thi';,  top^ether  with  uant  of  care,  exceliive  labour, 
and  bad  nouriflnnent,  may  have  occalioned  the  degeneration 
of  the  ronmion  ais,  and  brought  this  breed  into  difcredit. 
But  who  judge  of  the  noble  breed  of  our  belt  horfes  from  llie 
wretched  animals  in  rhe  poorer  diitricts,  which  are  fcarcelv 
fo  good  as  aifes  ?  With  proper  care  and  management,  m.iglit 
not  as  good  ridincr  alfe-  be  bred  in  the  ten^perate  and  iouthern 
parts  of  Europe,  as  in  the  Eait  ?  and  might  not  the  breed  of 
this  animal  be  crraduallv  improved  as  we  liave  improved  die 
horfe,  the  wiid  breed  of  which  are  far  inierior  in  fize  ;-nd 
beauty?  lu  regard  to  the  vieioufnels  of  the  af^,  and  par- 
ticularly its  obtiinacy,  which  is  inherited  by  the  mule,  ii 
appears  to  me  very  pr()babie  that  this  is  owing  to  the  too 
wide  conformation  and  fenlibility  of  the  organs  of  hearlnn^ 
which  nature  has  beltowed  on  the  wild  race,  which,  bein«'- 
deltined  to  live  in  exteniive  deferts,  have  need  of  beinc;  a')!c 
to  difcover  danger  at  a  greater  diltancc-  The  noile  wliicli 
the  afs  mult  hear  in  the  neighbourhood  of  men  evidently 
Ituns  it ;  and,  on  that  account,  it  is  cuitomary  in  England  to 
crop  the  ears  of  the  aflbs  employed  at  mills,  becaale  it  is 
known  that  by  thefe  means  thev  become  n  uch  more  trad- 
able and  obedient.  Means  might  eafiiy  be  difcovcred  of 
weakening  their  hearing,  and  accompliihmg  the  fame  end, 
without  fueh  a  mutilating  operation. 

By  improving  the  breed  of  alTes,  which,  after  the  example 
of  the  antients,  might  be  done  foonell,  and  in  the  molt  com- 
plete, manner^   by  introducing  ridmg  ailes  from  the  Levant, 
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or  colts  of  the  wild  breed,  the  breed  of  mules,  fo  nfeful  for 
carrying  burdens,  would  alfo  be  much  improved.  Varro  and 
.Other  antient  authors,  who  treat  of  agriculture  and  the  breed- 
ing of  cattle,  unanimoufly  alTert  that,  in  their  time,  the  bell 
niules  w^ere  produced  from  a  mare  and  the  onager,  or  wild  af:5. 
The  Perfian  mules,  the  (trength  and  courage  of  which  are 
extolled  by  Le  Bruyn  ^,  are  in  all  probability  produced  in  the 
fame  manner.  Thefe  qualities,  perhaps,  might  be  obtained  in 
a  higher  degree  if  the  djb'iggetai,  or  great  Mogul  wild  afs, 
which  exceeds  the  onager  in  fize  and  beauty  f,  and  perhaps 
alio  ip  tieetnefs^  could  be  once  tamed,  and  employed  for  this 
purpole. 

The  wild  afs,  in  its  habits  and  mode  of  life,  approaches 
near  to  the  djhiggetai  and  wild  borfe.  They  rove  about  in 
herds,  which  conlift  of  voung  colts  of  both  fexcs,  under  the 
protection  of  a  flail ipn.  The  fame  account  is  given  by 
Oppian  and  Pliny,  and  by  thofc  who  have  copied  them. 
But  it  appears  that  at  the  periods  of  their  migration  the  ftal- 
lion  lays  alide  his  jealoufy,  and  feveral  herds  then  unite  to- 
gether. The  feafon  of  covermg  is  then  paft,  and  the  females 
are  big  with  young  ;  yet  the  (tallions,  even  then,  are  accuf- 
tomed  to  bite  and  kick  each  other  very  much. 

Their  hearing  and  fight  are  fo  acute,  and  the  weather  is  fo 
fine,  that  in  the  open  fields  it  is  not  pofTible  to  approach 
them.  The  Kirgifians,  therefore,  endeavour  to  conceal  thcm- 
felves  in  the  diftrifts  through  which  they  pafs,  or  in  the 
neighbourhood  of  the  fait  lakes,  which  they  frequent ;  but 
the /('w/.^z/z.-'feldom  drink,  and  often  not  in  the  courfe  of  two, 
davs.  The  a(s  which  I  had  in  my  poileflion  frequently  ab- 
itained  from  drinking  for  two  days,  and  in  particular  when 
a  heavy  dew^,   or  light  fliower  of  rain,  had  fallen.     She  was 

-■  Le  Bruvn  lays  in  his  Travels  cbovc  quoted,  p.  139,  that  in  the  fouth- 
ern  parts  cf  Peiha  there  are  inuies  which,  tVoni  natural  inftindt,  like  lome 
fpirited  horles,  and  the  ftallions  among  the  wild  horfes,  attack  btars  and 
other  ravcrous  animals  wiih  gitat  courage,  and  knock  them  down  with 
their  fore-ftct.  The  unfortuncite  fwrne,  which  in  thefc  diftrifts  are  b},ack, 
and  coveted  wi'h  very  rough  brifllts,  fall  Ibmetimes  a  fncriiicc  to  this  im- 
puifeof  the  nnules,  which  aiC  not  alwavs  able  todirtinguifa  them  from  dan- 
gerous animals.  A  circumftancc  of  a  finnilar  kind  is  ncntioced  by  Varro, 
i)b.  ii.  c.  S: — '•*  I  once  fav^the  horfe  of  a  Calmuc  Tartar,  v>hile  the  rider 
was  on  his  back,  rufh  into  a  held  and  kill  a  breeding  buftard,  which  he, 
no  doubt,  took  for  fome  favage  anin^al."  This  kind  of  inftinft  feems  to 
be  corrimon  alio  to  the  wild  afifes,  which,  according  to  th.e  account  given 
bv  the  Kirgifians,  attack  w^iid  animals  in  a  body.  When  one  of  them  ob- 
ftrves  a  fnakc,  it  immediately  gives  the  fignal  by  a  loud  cry  ;  upon  which 
all  the  reit  aifemble,  and  ei-eh  of  ihcm  tries  which  ihail  drit  dcftroy  the 
dangerous  reptile.  They  do  the  fame  in  regard  to  fuch  ravenous  animals 
as  they  are  able  to  overcome ;  but  the  tiger  is  too  much  for  them. 

•f  For  a  dckription  of  this  animal  fee  PhiJofophical  Magnzine,  vol.  ii. 
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fonder  of  fallne  than  of  fre(h  waler ;  but  fne  would  never 
touch  any  that  was  mixed  \vith  bran,  or  that  was  turbid. 
Bread  rubbed  over  with  i'alt  feemed  very  grateful  to  her;  and 
fhe  would  often  eat  whole  handfuls  of  fall.  Mr.  Hablizl  faid, 
that  while  he  kept  her  at  Derbent,  (he  uTed  always  to  run  to 
the  Cafpian  fea  to  drink,  though  fhe  could  have  found  freih 
water  much  nearer.  Plants  which  contained  faline  particles, 
fuch  as  the  different  kinds  of  kali,  or  the  foda  plant,  goofe-foot, 
and  plantain,  were  moft  agreeable  to  her;  and  next  to  thefe, 
bitter  milky  plants^,  fuch  as  dandelion,  the  faw-thiltle,  and  the 
like;  and  after  thefc,  the  ditfercnt  kinds  of  clover,  lucern,  all 
leguminous  plants,  efpecially  when  given  her  with  the  grain, 
and  doer's  grafs.  She  was  fond  alio  of  green  cucumbers;  and 
fome  vetretables,  fuch  as  different  kinds  of  pulfe,  which  flie 
did  not  reliih  when  green,  (he  ate  readily  when  dried.  On 
the  other  hand,  (lie  had  an  averfion  to  ail  Iweet-fmelling  bal- 
famic  plants  which  are  eaten  by  the  tame  afs,  fuch  as  mud- 
wort,  ranunculus,  nettles,  and  all  hard  and  prickly  plants, 
and  even  thiftles.  In  Perfia,  the  young  hilan  colts,  when 
caught,  are  firft  tamed  by  feeding  them  with  rice,  oats,  wheat 
ftraw,  and  bread.  The  wild  afs  eats  with  great  avidity  a  plant 
verv  cornmon  in  the  louthern  part  ofTartary,  and  to  which 
the  Bucharians  give  the  name  of  bilrogan. 

The  afs  I  here  fpeak  of  was  exceedingly  tame,  and,  like  a 
dog,  followed  without  anv  compulfion  thofe  who  fed  her  and 
gave  her  drink.  She  could  be  made  go  any  where  merelv 
by  the  fmell  of  bread;  but  if  any  one  attempted  to  lead  her 
fcy  a  halter,  contrary  to  her  inclination,  (he  fhowed  as  much 
pbftinacy  as  a  mule.  She  would  not  fuffer  any  one  to  fiand 
behind  her;  and  when  touched  with  the  hand  or  a  ftick  on 
the  back  or  thighs  (he  threw  out  her  heels,  with  a  loud  fnort- 
ing,  like  that  emitted  by  a  ftallion  when  he  kicks. 

The  ma'.e  which  died  on  the  journey  from  Perfia  was 
much  larger.  According  to  Mr.  Hablizl's  mcainrement,  his 
length  from  the  ears  to  the  rump  was  4  feet  10'  inches;  the 
height  before,  4  feet  2  inches  8  lines  ;  behind,  4  feet  6  inches 
61mes;  the  length  of  the  head  2  feet ;  of  the  ears,  11  ^^  inches; 
and  the  tail,  with  the  biiih  at  the  extremity,  2  feet  i '  inch. 
The  length  of  the  female,  however,  was  onlv  3  feet  10  inches; 
the  height  before,  3  feet  4  inches  8  lines ;  behind,  3  feet 
6  inches  ;  length  of  ihe  head,  1  foot  6  inches  ;  the  tail, 
lo^-  inches ;  the  buih  at  the  end  of  the  tail,  8  inches  5  lines; 
the  ears,  7  inches  5  lines;  and  Ihe  weighed,  when  ihe  bowels 
were  taken  out,  only  about  16^  pounds  apothecaries  weight. 
The  male  was  alfo  much  more  ftrongly  made  in  the  neck, 
limbs,  breaft,  and  rump;  and  was  djltinguilhed  from  the 
4  female 


*j6  On  the  Onager  of  the  Antients^ 

female  by  a  fmall  ftripe  over  the  fhoulders  crolTing  that  on 
the  back,  which  was  wanting  in  the  female,  the  latter  having 
only  the  ftripe  on  the  back.  This  crofs  is  much  more  com- 
mon among  the  tanu;  afics,  and  is  obferved,  in  particular,  on 
thofe  which  are  ot"  a  bright  colour.  The  Kirgifians  fay,  that 
among  the  wild  alTes  the  crofs  Itripe  is  found  fometimes 
double. 

The  onager  is  mu'.  h  taller  and  finer  limbed  than  the  com- 
mon afs.  The  female  in  mv  pofTeflion  was  lo  narrow  in  the 
cheft  and  rump,  that  behind  (lie  had  the  appearance  of  a 
voung  filiv,  as  mav  be  feen  in  the  plate.  Like  young  fillies, 
alfo,  fhe  could  fcratch  her  head  and  neck  with  the  hind  foot, 
which  a  full  grow n  horfe  cannot  do.  On  the  fore-legs  ilje 
appeared  very  u'cak ;  but  fiie  could  carry  on  her  back  the 
•heavieit  man,  and  even  run  with  him.  She  always  held  her 
head  ercc\,  in  a  more  graceful  manner  than  the  conmion  afs  ; 
kept  her  ears  alwavs  upright,  even  during  illncfs;  and  in  all 
her  motions  (li owed 'great  aoility. 

The  head  of  the  onager  is  higher  and  larger  than  that  of 
the  djhtgget  i,  and  yet  [  found  the  Ikull,  when  cleaned,  to 
be  remarkably  light.  The  head  is  much  bent,  like  that  of  a 
ram:  the  fore-part  between  the  eves  is  fiat;  but  above  the 
eye-fockels,  which  are  as  ftrong  as  thofe  of  old  horfes,  it  is 
elevated  in  a  flattifli  round  form.  The  lips  are  very  thick, 
and  to  the  very  edges  clofclv  covered  with  ftiffhair  like  brif- 
tles,  which  towards  the  round  part  of  the  mouth  lie  crooked. 
The  noftrilsdo  not  form  that  excrefcence-like  elevation  which 
is  peculiar  to  the  djh'igget  i.  The  pupil  of  the  eve  is  yellowilh 
brown.  The  ears  at  the  points  are  quite  black,  cosered  on 
the  infiJe  with  curled  hc-iirs  that  crofs  each  other,  which  grow 
partly  on  both  edges  of  the  ear,  and  partly  on  three  ridges 
which  run  along  the  hollow  of  the  ear  lengthwife. 

The  colour  on  the  muzzle  and  the  greater  part  of  the  bodv 
is  a  beautiful  white,  with  a  kind  of  filvery  appearance;  but 
the  upper  part  of  the  head,  the  tides  of  the  neck,  and  the 
rump,  are  of  a  pale  ifabella  colour.  This  colour  does  not 
extend  along  the  fore-thiL':hs;  it  however  covers  the  haunches; 
xilthough  on  the  fides  of  the  belly  a  white  fpace,  of  about  a 
hand  breadth,  feparates  the  colour  of  the  bellv  from  that  of 
the  thighs:  a  white  band,  alio,  runs  along  each  fide  of  the 
Itripe  on  the  back,  and  unites  itfelf  to  the  white  part  of  the 
lower  belly.  Oppian  hasexpreffed  very  accuratelv  this  white 
feparation,  in  his  poetical  defcription  of  the  onao;er.  The 
mane,  which  is  blackiih  brown,  begins  between  the  ears  and 
extends  to  the  fhoulders ;  it  confills  of  foft  woolly  hair  from 
three  to  four  inches  in  lengthy  and  flaads  ered  exa6lly  as  in 
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newly-foaled  horfcs.  The  ftripe  on  the  back  begins  at  the 
mane,  and  ends  at  the  commencement  of  the  tail  :  it  is  almoft 
of  a  coffee-brown  colour,  broader  towards  the  os  f:crum, 
pointed  towards  the  tail,  and  every  where  covered,  even  in 
fummer,  when  the  animal  is  almoft  perfectly  fmooth,  with 
thick  matted  hair,  which  feems  very  different  from  the 
reft.  The  hair  which  forms  the  bufti  at  the  end  of  the  tai!  is 
almoft  as  ftrong  as  that  of  the  mane  of  the  borfe,  and  a  fall 
fpan  in  length. 

The  fort  of  fear  in  the  inner  fide  of  the  fore-feet,  which  in 
the  common  afs  is  round,  I  found  in  the  wild  afs  to  be 
longifli,  but  not  perfecllv  oval.  The  hoofs  of  all  the  four 
feet  have  in  the  place  of  the  fpur  an  elevation  covered  with 
a  horny  fkin.  The  hoofs  are  almoft  round,  and  have  deep 
cavities  on  the  foles. 

The  hair  of  the  onager,  and  particularly  in  the  winter, 
is  much  filkier  and  fofrer  than  that  of  the  horfc  :  it  mav  be 
compared  to  the  beft  camel's  hair.  The  winter  wool  is 
matted,  has  an  oilv  touch,  and  where  the  iiabella  colour  pre- 
vails, that  colour  is  much  paler,  a  few  places  excepted,  where 
it  is  ihaded  in  a  different  direelion,  and  narticularlv  accordinn- 
to  the  lines  expreffed  in  the  figure. 

In  the  onager  I  counted  onlv  fixteen  articulations  of  the  tail ; 
the  others  were  in  number  equal  to  thofeofthe  common  afs. 
It  had  onlv  thirty-two  teeth,  viz.  in  each  jaw  lix  grinders 
very  much  ufed,  and  in  each  fide  row  five  cheek-teeth.  In 
the  interior  parts  I  could  obferve  no  further  difference  be- 
tween them  and  thofe  of  the  common  afs  than  are  often  to 
be  found  in  animals  of  the  fame  fpccies.  In  the  great  gut  I 
found  very  laroe  worms  (^'«r/V  ^(j//zt'^nV),  fuch  as  are  fre- 
quently found  in  horfes ;  and  here  and  there  in  the  fmall 
guts  fome  afcarides,  fmaller  than  thofe  common  in  man. 
Thofe  writers  alfo  who  alTert  that  the  afs  is  never  infeftcd  bv 
external  vermin,  muft  not  extend  this  obfervation  to  the 
wild  afs ;  for  the  one  here  defcribed  was  fo  covered  with  a 
fort  of  fmall  lice,  that  the  hair  feemed  as  if  ftrewed  over  with 
them. 

I  have  already  faid  tliat  the  Kirgifians  prefer  the  flefn  of 
the  kulan  to  all  other  game,  and  even  to  that  of  their  vouncr 
horfes,  of  which  they  are  fo  fond.  The  i:ime  tafte  feems  to 
prevail  among  the  Arabs*;  and  the  writers  of  that  nation,  in 
regard  to  this  food,  make  the  fame  diftincrion  between  the 
Aviid  and  tame  afs  as  the  Hebrew?  made  between  both  ani- 

*  See  Boc  lart's  Hiero^oicon,  lib.iii.  c.  1 6  ;  and  Forfkal's  Ol'fir^jat.  Ztolr^. 
p.  5,  where  the  onager  is  mentioned  under  the  Arabian  name  e^aar. 
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mals;  and  they  confider  it  unlawful  to  mix  the  onager  with 
the  tame  afs,  as  they  do  al!  mixed  breeds  of  other  animals. 

The  fkin  of  the  wild  afs  is  highly  valued  by  the  Bacharians 
for  makincr  (hatTeen.  Kar.wolf  fays  the^  fame  thine  of  the 
Syrian  wild  afs,  the  fkins  of  which  are  brought  to  Tripoli  for 
fale.  Thofe,  however,  who  have  hitherto  believed  that  the 
fkin  of  the  wild  afs  is  grained  of  itfelf,  and  like  a  natural  kind 
of  fliagreen,  or  that  fliagrcen  can  be  made  of  no  other  lldn 
than  that  of  the  wild  ais,  are  much  miftaken  ;  yet  this  er- 
roneous opinion  is  to  be  found  in  fome  modern  writers,  and 
has  been  adopted  even  by  Buffon.  As  I  had  an  opportunity 
at  Aflracan  of  feeing  the  procefs  ufed  for  the  preparation  of 
the  fine  ihagreen,  in  order  to  deftroy  this  falfe  idea  I  gave  a 
defcription  of  it  in  a  former  volume  of  this  work  ".  The 
Bucharians,  however,  convert  whole  fkins  of  the  wild  afs 
into  a  kind  of  coarfe  black  fliagreen,  of  which  they  make 
boots  of  a  fingular  form,  but  remarkably  durable,  and  having 
the  foles  entirely  covered  with  nails  :  thefe  boots  are  ufed  nlfo 
by  the  Kirgifians,  and  purchafed  at  a  high  price:  the  fine 
fliagreen,  on  the  other  hand,  is  made  chiefly  in  Perfia,  and 
from  a  particular  part  of  the  hides  of  horfes.  Piefpe(5ting  the 
{lones  found  in  the  wild  alTcs^  and  of  which  Bauhin,  in  his 
Latin  Treatife  on  the  Bezoar,  diitinguilhcs  two  kinds,  I 
can  fay  nothing;  they  are  the  ftones,  perhaps,  found  in 
the  comm.on  ais  or  mules,  which,  in  order  to  give  them 
greater  importance,  are  pretended  to  be  thofe  of  the  above 
animal,  in  the  fame  manner  as  (lones  cut  from  horfes  are 
brouo-ht  from  Perfia  and  India  under  the  name  of  Gar- 
mandcl  or  Coromandel  bezoar.  I  fi)all  pafs  over  in  filence 
all  the  fables  related  of  the  onager  which  may  be  found  in 
Gcfner,  Akhovandi,  and  Bochart.  Tiie  mittakc  of  fome 
modern  writers,  who  confider  the  onager  of  the  antients  as 
the  zebra,  or  who  have  confounded  it  with  the  dfhiggeta'i,  is 
unworthy  of  refutation.  To  be  fully  convinced  that  the  wild 
afs  here  defcribed  is  beyond  all  doubt  the  onager  of  the  an- 
tients, nothing  will  be  necetrary  but  to  compare  this  defcrip- 
tion with  thofe  of  Oppian  and  other  writers ;  and  with  the 
palTage  of  Luitprand,  bilhop  of  Cremona,  quoted  by  Bochart, 

^  For  this  defcription  ^ct  Philofophical  Magazine,  vol.  vi. 
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^iXlh  Account  of  fovie  Improvements  on  1  Vat er -Wheels.     By 
Mr.  Robertson  Buchanan,  Engineer,   Ghifgo^jj, 

To  Mr.  T'llh^h, 

DEAR  SIR,  Glafgov/,  Ca.  20,  i?cr. 

jtV  corn  mill  in  which  I  had  an  intercft  having  had 
a1)out  two  feet  of  its  fall  unoccupied,  owing  to  the  overfhot 
wheel  having  been  too  fmall  in  diameter,  I  was  defirous  to 
apply  this  unoccupied  part  of  the  fall  in  fome  way  to  increafe 
the  power  of  the  mill.  Thinking  over  various  expedients  for 
this  purpofe,  in  February  1798  an  idea  of  a  water-wheel  oc- 
curred to  me,  which  I  thought  might  be  applied  with  great 
advantage  not  onlv  to  the  fituation  I  had  in  view,  but  in  all 
other  caTes  of  low  falls.  Some  circamif  ance,  however,  pre- 
vented me  at  the  time  from  putting  it  in  pradice;  but  I  had 
afterwards,  at  different  times,  two  models  of  it  made;  and  in 
November  1799  fent  up  the  accompanying  delcription  of  it  to 
my  friend  Mr.  Mundell,  of  Fludyer-ftreet,  requefting  him  to 
give  it  to  the  public.  Upon  fome  after  reflexion,  however, 
I  conceived  it  bed:,  for  fome  time,  to  delay  its  publication; 
and  accordino'Iv  till  now  have  allowed  it  to  lie  dormant. 

Soon  after  finiihing  the  drawing  referred  to  in  the  de- 
fcription,  I  thought  the  particular  form  of  buckets  there  re- 
prefented  might  be  a  little  altered,  fo  as  to  make  them  ftill 
fnore  advantageoufly  contain  the  water.  Upon  ihowing  the 
alteration  I  propofed  to  mv  ingenious  friend  Mr.  John  Ko- 
be rtox  of  this  place,  he  was  at  coniiderable  pains  to  invef- 
tigate  the  fubjcft,  and  pointed  out  the  form  of  buckets  re- 
prefented  in  tiir.  3. 

Allow  me  further  to  direct  your  attention* to  the  condruc- 
tion  of  the  arms  (hown  in  the  figures.  It  is  applicable  to 
anv  kind  of  water-wheel;  and  fmcc  1790,  when  I  iirft  con- 
ftrucled  awheel  with  arms  on  that  principle,  a  coniiderable 
number  of  laree  wheels  have,  in  Scotland,  been  erected  011 
that  plan.  I  fhall  annex  a  (hort  delcription  of  this  conitruc- 
tion  of  arms. 

I  remain, 

Dear  Sir,  vours, 

Robertson  Buchanan. 

Copy  of  the  Defcription  fent  to  Mr.  Mundell, 

It  has  been  afcertained,  from  the  moft  accurate  experi- 
ments on  water-wheels,  that  under  the  fame  circumltances 

an 
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£11  overHiot  produces  about  double  the  effe6t  of  an  nnderfliot 
wheel. 

Hence  it  is  obvious,  that  where  water  can  be  made  to  acx 
on  a  wheel  bv  weioht,  it  is  much  more  effedual  than  when 
the  fame  water  is  made  to  aft  by  impulfe. 

But  where  the  fall  is  lefs  than  about  half  the  diameter  of 
a  wheel  with  buckets  made  in  the  ufual  form,  the  difficultv 
of  filling  them,  and  the  (hort  time  thev  are  able  to  retain  the 
water,  are  fuch  great  defects,  that  in  fach  cafes  wheels  with 
open  float  boards,  on  which  the  water  acts  partlv  or  altoge- 
ther by  its  impulfe,  have  been  found  in  pradlice  to  be  more 
advantageous. 

It  occurred  to  me  however,  that,  bv  adopting  another  form 
of  the  buckets,  they  might  be  fo  made  as  to  be  eafily  filled, - 
and  at  the  fame  time  capable  of  retaining  the  water  in  a  fitua- 
tion  to  produce  nearly  its  full  effe6l,  altogether  by  weight,  on 
a  low  fall. 

A  wheel  of  the  conftru6lion  I  mean  is  reprefented  in  the 
figures.  Contrary  to  the  ufual  pracfice,  the  water  muft  here 
be  poured  into  the  bucketsyrcw  ivithin  the  fhrouding*. 

How  the  filling  of  the  buckets  from  within  can  be  accom- 
plidied,  may  not  at  firft  be  obvious;  but  a  flight  infpecf ion 
of  the  fioure  will  fliow  that  it  mav  be  done  without  the  pen- 
l^ock  interfering  with  the  arms  of  the  wheel. 

The  buckets  in  the  figure  empty  themfelves  by  means  of 
apertures  the  whole  length  of  the  buckets,  but  no  wider  than 
juft  fiii'Hcicnt  to  dilcharge  the  water  before  they  begin  to 
afcend. 

References  to  the  Figures. 

Fig.  I.  (Plate  HI.)  elevation  of  the  water  wheel. 

A,  A,  the  penftock. 

From  B  to  C  a  part  of  the  wheel  is  reprefented  with  the 
iilirouding  removed,  to  fliow  the  form  of  the  buckets  and  the 
lituation  of  the  w^ater  in  them. 

aaa  the  apertures  by  which  the  water  efcapes  from  the 
buckets. 

Fig.  3.  horizontal  fection  of  the  wheel,  and  plan  of  the 
penftock. 

b  the  aperture  by  which  the  water  enters  from  the  pen- 
ftock, to  the  buckets. 

Robertson  Buchanan. 

Rothcfay,  N'ov.  9,  1799. 

'•'  The  lhroudin«:  is  a  fiat  ring;,  gencrallv  of  wood,  of  the  diameter  of  the 
wheel,  fcrving  to  form  the  ends  of  the  buckets,  or  to  connect  the  floats, 
cxpreffed  by  the  letter  B,  (Plate  111.) 

"Defer  iption 
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Defcription  of  the  ConJlruElhn  of  the  Arms, 
I'itT.  I.  and  2.  It  is  evident  that  arms,  as  commonly  fixed 
m  mortifed  (liafls,  are  vveakeft  in  one  direclion,  and  that 
commonly  the  direction  ot  the  Itrnin.  To  remedy  this  de- 
fect, \\i^  feather-puces  FF  are  applied  all  round,  having  their 
broadeft  ends  towards  the  centre  of  the  wheel^  and  being  at 
right  angles  to  the  breadth  of  the  principal  arms.  In  order 
to  unite  them  firmly  to  the  principal  arms,  and  connect  the 
whole  more  firmlv,  a  ringof'iron,  R,  is  applied  on  each  fide: 
blocks  of  wood;  \V,  put  in  the  vacant  fpace  between,  and  the 
keys  KK,  bring  the  whole  home  to  the  fl^aft. 

N.  B.  In  fome  cafes  it  mav  be  eafiefl;  to  introduce  the 
water  in  the  direction  X  Y,  as  it  was  in  one  of  the  models, 
inftead  of  that  on  the  fliaded  part  of  the  plan. 

XIV.    Proceedings  of  Learned  Societies, 

ROYAL  ACADEMY   OF   SCIENCES   AT   BERLIN. 


O 


'N  the  6th  of  June  the  academy  held  a  public  fitting  to 
celebrate  the  anniverfary  of  the  king's  birth-day. 

Prize  Que  (lions. 

The  Phyfical  Clafs  had  propofed  the  following  queftion  for 
the  year  1801  : 

•'•  Has  electricity  any  influence  on  matters  which  ferment? 
If  it  has,  what  is  its  action  r  fs  it  favourable  to  fermenta- 
tion, or  does  it  prevent  it?  Does  it  produce  changes  in  the 
products  of  fermentation  ?  What  advantages  may  be  de- 
rived from  the  development  of  this  matter  to  improve  the  art 
of  making  wine  ;  and  ihofe  of  brewing,  making  vinegar,  and 
diitilling  fpirits  ?" 

But  as  it  received  only  one  memoir  on  the  fubje6t,  vvhicli 
was  not  fatisfactory,  the  clafs  propofes  the  fame  queftion  for 
the  year  1803,  with  this  exprefs  condition,  that  *'  thofe  who 
attempt  to  anfvvcr  it,  will  do  fo  by  a  feries  of  elTavs  and  expe- 
riments calculated  to  produce  evident  and  certain  refults.'^ 

The  Philofophical  Clafs  propofed  for  the  year  1803  : 

"  Can  a  moral  appreciation  of  actions  be  taken  into  confi- 
deration  in  the  eftablifliment  and  application  of  penal  laws? 
and,  if  it  can,  to  what  extent?" 

The  Clafs  of  the  Belles  Lettrcs  again  propofed  the  follow^- 
ing  queftion  for  1803  : 

On  the  Goths  and  Gothicifm, 
"  I.  Among  the  nations  who  contributed  to  haflen  the 
Vol.  XI.  F  downfall 
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downfall  of  the  Roman  empire,  did  the  Goths  diftinguidi 
themfelves  above  others  by  any  peculiar  qualities  in  regard 
to  their  conftitution,  their  laws,  cuftoms,  and  ufages;  or, 
more  particularly,  in  regard  to  their  literature  and  arts? 

'*  2.  Are  not  the  terms  Gothic  and  Gothicifm  denomina- 
tions created  at  poflerior  periods  to  denote  the  ftate  in  which 
the  fciences,  letters  and  arts  were,  after  the  decline  of  the 
Roman  empire,  and  during  the  middle  ages  ? 

"  3.  If  this  be  the  cafe,  at  what  period  did  thefe  terms 
begin  to  be  iifed  in  this  more  general  acceptation  V 

The  Mathematical  Clafs  has  alfo  repeated,  for  1802,  the 
following  queflion,  with  a  double  prize  : 

'^  Aslhere  flill  remain,  notwithftanding  the  labours  of  the 
ableft  aftronomers,  feveral  points  to  be  cleared  up  in  regard 
to  the  variation  of  the  obliquity  of  the  ecliptic,  the  academy 
invites  the  learned  to  employ  themfelves  again  on  this  objeft, 
and  will  adjudge  the  prize  to  that  memoir  vvhich  (hall  con- 
tain the  moft  intcrefting  refearches  and  the  moft  important 
illuftrations  of  this  point. 

^^  It  invites  the  learned  of  all  countries,  except  the  ordi- 
nary' members  of  the  academy,  to  turn  their  attention  to 
thefe  queftions.  The  prize,  vvhich  confifts  of  a  gold  medal 
of  the  vieight  of  fifty  ducats,  will  be  adjudged  to  thofe  who, 
in  the  opinion  of  the  academy,  fhall  have  given  the  belt  an- 
fwer.  The  papers,  w-rittea  in  a  legible  hand,  muft  be  ad- 
drefled  (poft  paid)  to  the  perpetual  lecretary  of  the  academy.. 
Thofe  which,  in  the  opinion  of  the  academy,  have  not  fuffi- 
cient  merit  to  be  entitled  to  the  prize,  cannot  be  returned  to 
the  authors,  as  the  originals  muft  be  depofited  among  the 
archives  of  the  academy :  all  thofe,  therefore,  who  tranfmit 
memoirs  as  candidates  for  the  prize,  are  requefted  to  take 
copies  of  them  before  they  tranfmit  them  to  the  academy. 

*^  The  term  for  receiving  the  memoirs  is  fixed  at  the  ift  of 
May  of  the  above  years,  after  which  period  none  can  be  re- 
ceived, whatever  reafon  may  be  afligned  for  the  delay/' 

FRENCH    NATIONAL    INSTITUTE. 

In  the  public  fitting  of  the  Inftitute  on  the  7th  of  Oclober, 
the  following  papers  were  read  : 

An  account  of  the  obfervations  made  on  the  perpendicular 
chains  (plumb  lines)  fufpended  from  the  dome  of  the  Pan- 
theon, the  objeft  of  which  is  to  afcertain  whether  any  warj^- 
ing  has  taken  place  in  that  edifice  :  by  C.  Pronv  ; 

On  that  kind  of  pavement  called  bv  the  Greeks  UthoJIrata, 
and  by  the  moderns  imfakt  bv  C.  Gibelin; 

An 
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An  hiflorical  account  of  the  life  and  fervices  of  H.  F.  Gil- 
bert :  by  C.  Cuvier ; 

On  public  fpirit :  by  Toulongeon. 

The  following  notice  of  the  labours  of  the  Clafs  of  Litera- 
ture and  the  Fine  Arts  was  read  by  C.  Villars ; 

Antiquities, 

The  names  of  two  celebrated  cities^  Herculaneum*  and 
Pompeii  f,  ha\»e  often  inflamed  with  a  noble  emulation  the 
amateurs  of  antiquities  and  antient  monuments.     Hitherto 
the  total  disappearance  of  thefe  two  cities  has  been  afcribed 
to  the  famous  eruption  of  Vefuvius   in  the  firfl:  year  of  the 
reign  of  Titus,  and  the  79th  of  the  Chriftian  aera.     Accord- 
ing to  the  obfervations  of  C.  Du  Theil,  this  epoch  is  not  cer- 
tain; for  thefe  two  cities  rofe  again  from  their  ruins  under 
the  reign  of  that  prince  \  and  they  ftill  exifted,  with  fome 
remains  of  fplendour,  under  Hadrian.     The  beautiful  cha- 
ra6lers  of  the  infcription  traced  out  on  the  bafe  of  the  equef- 
trian  ftatue  of  M.  Nonius  Balbus,  fon  of  Marcus,  are  an 
evident  proof  of  its  exiftence  at  that  period.   They  were  found 
under  the  reign  of  the  Antonines;  for  the  account  of  Tri- 
malchio's  feaft,  in  the  fatirical  romance  afcribed  to  Petronius 
Arbiter,  furnifhes  feveral  evidences  of  the  exiftence  of  Pompeii, 
and  of  fome  of  the  edifices  of  Herculaneum,  under  the  laft  of 
thefe  princes.     In  the  geographical  monument  known  under 
the  name  of  Peutinger's  chart,  which  is  of  a  date  pofterior  to 
the  reign  of  Conftantine,  that  is  to  fav,  in  the  commence- 
ment of  the  fourth  century,  Herculaneum  and  Pompeii  were 
Itill  ftanding,  and  then  inhabited;  but  in  the  Itinerary  im- 
properly afcribed  to  Antoninus,  neither  of  thefe  two  cities  is 
noticed;  from  which  it  may  be  conjectured,   with  fome  de- 
gree of  foundation,  that  the  entire  ruin  of  Herculaneum  and 
Pompeii  muft  have  taken  place  in  that  interval,  between  the 
time  when  Peutinger's  chart  was  conftruCied  and  that  when 
the  above  Itinerary  was  compofed. 

The  eruption  which  took  place-in  471  occafioned  the  mod 

''*  Herculanum,  otherwife  Herculanium,  Herculaneum,  Herculeum,  an 
antient  city  of  Italy  in  Campania,  on  the  Tea  coaft,  nppofire  to  Vefuvius. 
Vlin.  lib.  iii.  c,  5,  places  it  between  Naples  and  Pompeii.  Pat^wulu:, 
lib.  ii.  c.  6.  as  well  as  Florus,  lib.  i.  c.  6.  lays  that  it  was  conquered  by  the 
Romans  during  the  war  of  the  allies. 

f  Pompeii,  in  Campania,  four  miles  from  Naples  towards  the  eaft.  Under 
the  a(hes  of  Vefuvius  was  difcovered  the  village  called  T'orre  dfl  Gr<;co — 
the  Greek  tower.  It  is  generally  fuppjfed  ihat  the  city  of  Pompeii  was 
buried  in  thac  fpot. 

F  %  dreadful 
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dreadful  ravages.     If  we  can  give  credit  to  Marcellinus,  the 
aOies  thrown  up  by  Vefuvius  covered  all  Europe.     They  were 
carried  as  far  as  Conllantinople  ;  where,  according  to  our  chro- 
niclcr,  an  anniverfary  feltival  was  inttituted  in  remembrance 
ot  this   ftrange  phacnomenon.     It  is  very  probable  that  the 
cities  of  Herculaneum  and  Pompeii  difappeared  at  that  pe- 
riod, and  that  no  more  traces  of  them  were  left.     This  con- 
jefture  is  fupported  by  a  letter  written  by  Caffiodorus  in  the 
name  ofTheodoric,  who  reigned  between  493  and  526.     On 
this  authority  C,  Du  Theil  is  inclined  to  think  that,    after 
the  fatal  eruption  of  471,  fuch  of  the  inhabitants  of  Pom- 
peii as  had  the  good  fortune  to  efcape  alive,  retired  to  Nola 
in  Campania,    and  that  thofe  who  efcaped  from  Hercula- 
neum took  (lielter  at  Naples.     The  quarter  where  the  latter 
eftabliflied  themfelves  was  detached  from  the  other  parts  of 
the  city. 

This  may  ferve  to  explain  the  denomination  Regio  Hercu- 
lanenfium^  or  the  quarter  of  the  Herculaneans,  which  has 
been  obferved  on  feveral  monuments  of  (lone  dug  up  at  Na- 
ples, and  alfo  in  feveral  infcriptions,  which  have  been  col- 
lefted  and  publiihed  bv  learned  Neapolitan  antiquaries. 

After  Du  Theil  had  read  this  memoir,  he  communicated  a 
notice  refpefting  fome  objefts  of  antiquity  lately  found  near 
the  fmall  town  of  Azai-le-Nideau,  on  the  left  bank  of  the 
Indre.  The  account  of  them  was  tranfmitted  to  him  by 
C.  Bicncourt.  Some  workmen,  when  digging  a  ditch,  dif- 
covered  a  coffin  containinir  a  vouno-  child,  as  was  concluded 
from  Its  teeth,  cranium,  and  ribs;  but  the  relf  had  fullered  fo 
much  from  the  injuries  of  time,  that  it  fell  into  duft  when 
expofed  to  the  air.  At  the  fide  of  this  bodv  were  the  follow- 
ing objects  : — t.  Two  poniards,  one  of  iron,  the  other  of  ivory, 
half  deftroyed  :  2.  A  gold  bulla  fhaped  like  an  acorn — a  badge 
worn  by  the  children  of  Roman  patrician  families  :  3.  A  fmall 
jafper  ring  fet  in  gold,  on  which  are  engraven  two  veiled 
tigures  :  4.  A  ring  entirely  of  rock  cryflal.  It  has  engraven 
on  it  two  rams  yoked  to  a  car :  a  fmall  Cupid  fitting  m  the 
car  urges  them  on  full  fpctd.  This  engraving  difplays  much 
grace  and  fpirit.  5.  A  cryflal  ring  imitating  a  row  of  pearls 
furmounted  with  a  fhell :  6.  A  prifm  of  twenty  planes,  of 
rock  cryflal,  very  regularly  cut:  7.  Four  lachrymatories  of 
glafs :  8.  Several  figures  fculptured  in  ivory,  and  almofl  de- 
compofed  :  9.  A  young  Cupid  alfo  of  ivory,  pretty  well  pul- 
verized. In  the  fame  tomb  were  found  feveral  works  com- 
pofed  of  refinous  fubllances,  which  time  feems  to  have  re- 
fpeded.  I.  A  lion  holding  under  his  paws  a  dog,  the  head 
3  ^  of 
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of  which  he  is  devouring:  2.  Another  piece  of  fculpture  rc- 
prefenting  a  car  drawn  by  an  old  goat.  A  Cupid  fitting  in 
1  the  car  makes  a  fign  to  the  goat  to  advance,  and  threatens 
!  him  with  a  whip  which  he  holds  in  his  hand.  Before  the 
car  a  young  woman  is  feated  without  veilments,  and  behind 
it  is  an  old  man  clothed  in  a  long  robe.  This  piece  ftows  a 
great  deal  of  exprcffion.  3.  A  lilver  cup,  the  bottom  of 
which  is  oxidated  :  rings  and  broaches  of  metal,  on  which 
are  liled  rclinous  perfumes.  The  defcription  of  iheTe  articles, 
which  C.  Biencourt  will  foon  tranfmit  to  the  Inttitute,  mult: 
be  highlv  intere(ting  to  artifts  and  anti(juaries. 

C.  Mongrez,  always  employed  in  refearches  refpeftino;  the 
coftume  ot  the  antients,  has  been  endeavouring  to  difcover 
and  defcribe  the  diifcrent  fubftances  which  they  employed 
for  their  veftments,  arms,  &c.  Particular  reafons  have  in- 
duced him  to  detach  from  his  work  an  eflav  on  the  ufe  which 
the  antients  made  of  hemp.  Heliod  and  Homer  do  not  men- 
tion this  vegetable.  Herodotus  fays  that  it  refembles  flax, 
from  which  it  differs  only  in  fize  and  in  height.  The  appear- 
ance of  thefe  two  plants,  however,  is  marked  with  fuch  a 
ftriking  difference,  that  the  father  of  hiftory,  fince  he  fpeaks 
fo  incorre6llv,  muff  have  never  feen  hemp.  He  neverthelefs 
tells  us,  that  the  Thracians  procured  from  the  northern  coun- 
tries of  Europe  the  hemp  which  they  employed  to  make  cloth 
for  their  veftments. 

Ariftophanes  fpeaks  of  a  hemp  merchant;  and  we  know^ 
that  the  Greeks  ufed  hemp  for  cordage^,  and  for  caulk- 
ing their  veffels.  But  they  did  not  then  cultivate  this  pro- 
duction, for  it  is  not  mentioned  by  Theophraftus  ;  and  Hiero 
procured  hemp  from  the  northern  countries  of  Europe  ;  that- 
is  to  fay,  from  the  banks  of  the  Rhodanus,  which  throws  it- 
felf  into  the  Viftula,  and  which  he  calls,  improperlv,  the 
Eridanus.  It  is  ftill  from  Ruflia  and  Livonia  that  Europe 
is  fupplied  with  hemp  :  it  is  very  probable  that  it  was  not 
cultivated  by  the  Greeks  till  about  the  commencement  of  the 
Chriftian  a^ra. 

The  Romans,  like  the  Greeks,  employed  this  fubftance  for 
cordage,  and  for  caulking  their  veffels ;  but  neither  of  them 
inanufaftured  fail-cloth  of  it,  if  we  are  to  judge  from  the 
Greek  and  Roman  writers  whofe  works  have  been  preferved. 
C.  Mongez  has  been  oblio-ed  to  defcend  from  Herodotus,  in 
his  paffage  reipe(9:ing  the  Thracians,  to  the  12th  centurv,  to 
find  a  palfage  which  makes  mention  of  hempen  cloth.  It  is 
ftill  in  a  northern  country,  viz.  England,  that  he  found  it. 
In  the  13th  century^  and  the  following  oncs;  hempen  cloth 

F  3  became 
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became  very  common  in  the  middle  and  fouthern  parts  of 
Europe.  There  can  be  no  doubt  that  the  remains  of  this 
cloth,  emploved  with  thofe  of  linen  for  making  paper,  then 
introduced  into  Europe^  co.  t.'buted  to  prtferve  the  antient 
authors  w  hofe  works  were  effaced ;  that  the  fame  parchment 
misrht  be  emploved  for  the  books  of  the  church  and  treatifes 
of  theology.  Mongez  concludes  his  refearches  by  comparmg 
the  paffages  in  antient  authors,  where  mention  is  made  of 
torrefied  hemp  feed,  with  the  fmoke  of  which  barbarous  na- 
tions got  intoxicated,  ard  the  practice  ftill  common  in  Egypt 
and  Alia  of  chewing  thefe  feeds  for  the  like  purpofe. 

The  Clafs  of  the  Mathematical  and  Phyfical  Sciences  had 
propofed  in  the  year  8,  as  the  fubje6t  of  a  prize,  to  be  ad- 
judged on  tile  7th  of  October  1801,  the  following  queftion  : 

"  To  point  out  the  earthy  fubftcnces,  and  the  procelTes 
proper  for  making  earthen-ware  capable  of  ftanding  a  fudden 
tranf.tion  from  heat  to  cold,  and  which  may  be  within  the 
reach  of  all  clafles  of  people." 

This  queftion  was  accompanied  with  the  following  notice  : 
— The  art  of  manufacturing  that  valuable  pottery  known 
under  the  name  of  porcelain  has  been  brought  to  a  degree  of 
perfe6tion  in  Prance  which  leaves  nothing  more  to  be  defired  ; 
but  the  cafe  is  not  the  fame  w-ith  the  r ommon  pottery  em- 
ployed for  daily  ufe :  the  latter  is  far  from  being  carried  to 
that  degree  of  increafe  and  profperity  fo  necellary  for  the 
wants  of  the  great  body  of  the  people ;  while  fome  neigh- 
bouring nations,  w-ho  do  not  make  fo  fine  porcelain,  manu- 
facture very  ufehil  pottery,  the  properties  of  which  are  far 
fuperior  to  that  made  in  France.  The  Inftitute  requires  that 
the  competitors  will  examine  the  compofition  of  thefe  excel- 
■  lent  kinds  of  pottery,  the  earths  which  may  be  employed  in 
the  compofition  of  them,  and  the  artificial  mixtures  which 
might  be  fubftituted  in  their  (tead :  the  manner  in  which 
thefe  earths  ought  to  be  treated  to  give  them  the  neceflary 
qualities;  the  art  of  baking  them;  the  degree  of  heat;  the 
form  of  the  furnaces  mofl  advantageous;  and,  in  particular, 
the  proceiTes  for  glazing  pottery  without  oxides  and  per- 
nicious metals. 

The  clafs  received  only  one  memoir  on  this  fubjecSt,  ac- 
companied with  feveral  fpecimens  of  pottery,  and  of  the 
earths  of  which  they  were  made.  It  found  that  the  memoir 
was  written  in  a  clear  and  methodical  manner ;  that  it  con- 
tained principles  acknowledged  by  philofophy  and  chemiftry ; 
and  that  the  details,  ferving  to  illuftrate  them,  announced 
long  pradice  in  the  art  of  pottery,  together  with  great  theo- 
retical 
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retical  knowledge :  but  as  the  fpeclniens  which  accompanied 
this  memoir  did  not  anfwer  the  objea  pointed  out  by  the 
clafs,  it  has  prolonged  the  term  for  adjudgmg  the  prize  to 
the  3d  of  Oaober  1802,  ftrongly  recommending  to  the  can- 
didates to  apply  with  particular  care  to  this  branch  of  manu- 
faiftory. 

This  double  prize,  of  tlie  value  of  ^800  francs  (above  2»o/. 
fterhng),  will  be  adjudged  in  the  fittixig  of  the  Inftitute  at 
the  above  period. 

The  Clafs  of  Literature  and  the  Relies  Lettres  pronofed  in 
the  year  8,  as  the  fubjed  of  a  prize  in  antiquities,  the  fol- 
lowing queftion :  •    j       r 

^«  What  are  the  ftudies  which  form,  and  the  kinds  of 
knowledge  which  charaaerize,  the  antiquary?  What  ad* 
vantages  oueht  to  arife  to  fociety  from  fuch  knowledge?" 

On  account  of. the  miportance  of  this  fubje^l,  ihe  clafs  has 
thought  proper  to  prolong  the  period  of  receiving  memoirs- 
till  the  3d  of  Odober  1802,  as  before. 

The  prize  will  be  a  gold  medal  of  the  value  of  five  heao- 
grammes,  and  will  be  adjudged  in  the  public  fitting  of  Ja- 
nuary 5,  1803. 
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^  MEDICINE. 


X  HE  Ob  erdeutjche  All  gem  eine  Liter  aiur-Zeitung, Z^dX^'  I'^y 
1801,  under  the  head  "  Literary  Notices,"  contains  the  fol- 
lowing article : 

"  In  the  7th  number  for  the  year  1779,  of  that  generally 
efteemed  journal  Ber  Rathgeher  fir  alle  Stande,  the  quef- 
tion,  Whether  friction  with  oil  can  be  employed  for  pre- 
venting and  healing  the  fmall-pox,  having  been  anfwered  in 
the  affirmative,  both  by  the  Rev.  Charles  Gottfried  Bauer,  of 
Frohburg,  and  the  learned  editor  Dr.  Daniel  Collembach ; 
and  as  thev  produce  feveral  important  grounds  to  prove  their 
aflertion,  an  individual  who  has  the  good  of  mankind  at 
heart  wifhes  to  fee  it  confirmed  by  fads.  For  this  purpofe, 
he  offers  a  prize  of  twelve  ducats  to  the  phyfician  who,  before 
the  end  of  the  prefent  year,  (liall  have  fuccefsfully  employed 
friaion  with  oil  on  the  greatell  number  of  variolous  patients. 
The  fmall-pox;  however^  mult  have  been  of  the  malignant 
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confluent  k'lnd^  and  accompanied  with  fymptoms  confidcred 
as  fatal. 

'^  Any  phvfician  alfo,  who  fliall  prove,  by  the  greateft 
number  of  faCl:s,  that  he  has  preferved  whole  families,  by 
fri6lion  with  oil,  from  the  infedlion  of  this  difeafe,  will  re- 
ceive a  like  prize  of  twelve  ducats.  We  therefore  expeft  to 
be  made  better  acquainted  with  the  rules  for  emploving  this 
remedy  fo  much  extolled,  and  which  Dr.  Fothergill  in  Eng- 
land, and  other  eminent  ph)  licians,  found  ufeful  in  putrid 
fevers." 

MINERALOGY. 

M.  Chenevix  has  had  under  examination  a  fpecimen  of 

manacbanite  from  Bo'any  Bav.     It  differs  from  the  Cornifh 

jn  containing  a  v^hite  quartzy  fand.    It  yielded  on  analyfis, 

Silex  -  -         II 

Oxide  of  iron  -         49 

Oxide  of  titanium         -         40 
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It  is  difficult  to  obtain  this  metal  reduced  and  pure;  but 
bv  mixing;   the   oxide  ot   titanium  wMth  glafs  of  phofphorus 
And  charcoal,  and  then  emploving  a  flux  of  borax^  a  button 
of  phofphuret  of  titanium  mav  be  obtained. 

If  the  mineralogicai  riches  of  New  Holland  may  be  judged 
of  from  the  valuable  produclions  with  which  we  have  become 
acquainted  alrcadv,  we  mav  look  forward  to  many  interefiing 
difcoveries  :  already  a  metal  is  found  to  be  a  native  of  thofe 
climates  which  has  not  long  been  known,  and  has  been  but 
rarely  met  with  in  Europe. 

D'Andrude,  in  his  travels  through  Sweden  and  Norway, 
has  added  to  the  catalogue  of  niinterals  the  follov.'ing  fub- 
iiances,  of  which  he  intends  publiflnng  a  particular  account: 
Acanthicone,fpodumene,  fahlito,  ichthvophthalmc,  coccolite, 
aphrizite,  allochroite,  indicolite,  wernerite,  petalite,  chry- 
folite,  feapolite. 

Klaproth  has  completed  the  analyfes  of  the  fluated  alu* 
mine  caJled  the  chryjoiite  of  Greenla^id-     It  contains 
iy^  of  alumine 
36*0  of  foda 
40-5  of  fluoric  acid  and  water. 


lOC'O 

He  confiders  the  difcovery  of  foda  in  (tones  as  very  remarka- 
ble. It  is  the  iirft  inftance  of  fuch  a  quantity  of  foda  being 
prefent  ia  an  infoluble  fubftai^cep 

Vauquelin 
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Vauquelin  has  repeated  the  analyfes  :  he  finds 
Alanihie  -  -  21 

Soda  -  -  -         32 

Fluoric  acid  and  water  -         47 
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Upon  a  pareful  examination  of  the  alumhie  he  thinks  It  con- 
tains 5  of  filex. 

Klaproth  has  alfo  difcovered  a  native  phofphate  of  copper; 
and  is  at  prefent  employed  m  analyfing  this  new  comhinalion 
of  the  phofphoric  acid. 

CHEMICAL  NOTICES. 

Some  experiments  made  by  Mr.  CarHlle  prove  that  fui- 
phurated  hvdrocren  gas  is  not  evolved  from  eggs   unlefa  they 
are  heated   in  water,  and  this  by  the  decompontion  of  the' 
water  ufed. 

Aperfon  in  the  colour  line,  on  the  continent,  having  mixed 
coarfe  Pruffian  blue  and  nut  oil  for  a  blue  colour,  covered 
them  with  water,  and  left  them  till  wanted.  On  goin^  to 
life  it,  he  found  it  changed  to  white:  thinking  it  required 
KLiore  Pruflian  blue,  he  fpread  it  upon  a  (lone,  when  the  co- 
lour came  again  of  itfelf :  he  then  covered  it  with  oil  inltead 
of  water,  but  with  no  better  fuccefs.  As  an  experiment, 
fome  was  laid  on  white  paper,  fome  on  wood,  and  fome  on 
a  wall.  That  on  the  white  paper  was  the  lad  that  returned 
to  the  blue  colour;   but  thev  all  became  a  ftrong  blue. 

Phofphorus  expofed  in  hvdrogen  gas  is  diifolved  in  propor- 
tion to  the  temperature.  If  this  is  done  in  a  light  place,  the 
phofphorus  will  fublime  on  the  infide  of  the  glals.  ]{  the  glals 
be  darker>ed  in  parts  where  the  light  cannot  enter,  the  phof- 
phorus will  not  have  fublimed.  This  adhefion  to  the  tides 
of  the  giaifes  never  takes  place  but  when  light  is  prefent. 

Mr.  Cruickdiank*  has  publilhed  a  fecond  paper  on  the 
gafeous  oxide  of  carbon,  in  wnich  he  propolcs  a  method  ot 
analviing  thefe  cafes  by  the  oxymuriatic  acid  gas,  \\  h.ich 
abforbs  and  decom poles  the  hydrogen  and  the  hydro-car- 
bonate, leaving  the  galeous  oxide.  In  this  eafe,  noi  more 
than  a  double  quantity  of  the  oxygenated  muriatic  acid  gas 
ihould  be  uled.  The  ♦galeous  oxide  itlelf  may  alfo  be  decom- 
pofed  by  the  oxvijenated  muriatic  acid  gas,  provided  a  fuf- 
ficient  quantity  be  expofed  to  its  action.  Hydrocarbonate 
or  hydrogen  may  be  immediatelv  dtcompofed  by  tlie  at9:ion 
of  oxymuriatic  sas  and  the  electric  fpark  ;  but  the  gafeous 
oxide  of  carbon  and  oxymuria.tic  acid  gas  are  not  lired  by 
the  eledric  fpark. 
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Mr.  CruickHiank  gives  the  followincr  as  an  entertalnlnor 
experiment: — Fill  a  veffel,  o^  about  the  capacity  of  three 
pints,  with  oxymuriatic  gas;  fee  that  it  is  drained  from  the 
water  in  it ;  then  throw  into  it  about  a  dram  of  good  ether, 
and  cover  the  veiTjl  with  a  piece  of  paper.  In  a  few  feconds 
a  while  vapour  will  be  obferved  moving  circularly  :  this  will 
be  followed  by  an  explofion  and  flame,  and  a  large  quantity 
of  carbon  will  be  depofited. 

GALVANISM. 

Mercier  has  quoted  a  work,  publifhed  27  vears  ago^  which 
contains  the  principle  of  galvanifm.  Twelve  years  before, 
the  celebrated  Sulzer  difcovered  this  principle,  and  obtained 
the  fame  refult.  ^*  If  you  join,^^  fays  he,  "  two  pieces  of 
metal,  one  of  lead  and  the  other  of  filver,  in  fuch  a  manner 
that  their  edges  form  one  plane,  and  if  they  be  placed  upon 
the  tongue,  a  lafte  of  the  vitriol  of  iron  will  be  felt,  while 
each  piece  feparatelv  leaves  no  trace  of  tafte.^' — Smith's  Pojl- 
humous  JVorksy  part  ii.  p.  308. 

NATURAL   HISTORY. 

A  very  ftrong  leaden  pipe,  which  conveyed  water  into  a 
bafon  in  the  garden  of  the  palace  of  the  Confervative  Senate, 
the  ci-devant  Luxembourg,  and  which  has  not  been  in  ex- 
iftence  for  30  or  40  years  part,  has  lately  been  difcovered. 
This  pipe  contained  a  fediment  depofited  by  the  water, 
which,  hardened  by  time,  had  become  ftone,  or  rather  free- 
ftone,  fufficiently  clofe  to  ftrike  fire  with  iteel  without  the 
lead  which  contained  it  being  in  any  manner  altered.  Had 
the  workmen  taken  the  precaution  to  remove  the  lead  with- 
out touching  the  matter,  they  would  have  preferved  a  curiofity 
unique  in  its  kind ;  a  natural  pipe  from  2500  to  3000  feet 
longr,  of  the  mofl  compa6l  freeltone,  and  an  inch  and  a  half 
in  thicknefs.  In  its  whole  diameter  there  were  counted  about 
fifty  concentric  Itrata  or  coats. 

COMETS. 

*'  In  the  Jourjial  de  Paris  of  JNIav  28,  Caigne  the  notary 
announced,  that  he  would  give  600  francs  to  the  perfon  who 
fhould  difcover  a  comet.  On  the  morning  of  July  1 2,  C.  Pons, 
keeper  of  the  obfervatory  of  JNIarfeilles,  difcovered  one,  and 
in  the  evening  it  was  obferved  alfo  by  three  able  aflronomers 
at  Paris.  The  Board  of  Longitude  being  requcrted  to  adjudge 
the  prize,  thought  that  C.  Pons  had  a  kind  of  priority,  though 
he  did  not  make  his obfervat ions  known  till  the  evening:  be- 
iides,  the  three  aflronomers  of  Paris  coafented,  and  C.  Pons 

had 
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had  the  prize.  I  folicit  the  government  to  propofe  prizes  in 
the  fame  manner,  to  accelerate  our  k'lowiedge  of  comets,  the 
only  branch  of  aftrcnomy  which  has  not  made  progrefs.  It 
is,  however,  fo  eafv  tu  find  comets,  that  thofe  not  aftrono- 
iners  may  difcover  them  when  they  choofe. 

Lalande.'* 
astronomy. 

'^  Who  can  decide,  when  doftors  difagree  ?'* 

*^  For  fome  years  the  fpots  of  the  fun  had  become  rare ; 
but  on  the  23d  of  September,  in  the  morning,  I  obferved  a 
beautiful  round  and  well-defined  one,  and  found  it  to  be 
HZ  degrees  to  the  north  of  the  foiar  equator.  This  is  a  pa- 
rallel in  which  very  beautiful  ones  have  been  feen  ;  which 
confirms  me  in  the  opinion  which  I  advanced,  (MemrAres  de 
V Aciidemte  1776  and  1778,)  that  there  are  eminences  in  the 
opake  and  folid  nucleus  of  the  fun,  where  fome  fcoriae,  which 
float  on  this  ocean  of  fire,  are  flopped  from  time  to  time. 
This  does  not  agree  with  the  idea  of  Dr.  Herfchel;  but  this 
celebrated  obferver  is  more  to  be  admired  for  his  obfervations 
than  his  hypothefes,  Lalande." 

CULTURE  OF  POTATOES. 

ExtraSi  of  a  Letter  fro7n  Sir  John  Methuen  Poore,  Barf, 
to  Sir  IVjlliatn  Ptiltenej,  Bart. 

SIR,  Rufhall,  April4,  iSor. 

I  can  prove,  not  by  theory,  but  practice,  the  benefit  of 
planting  potatoes  on  fallows.  In  the  parilli  where  I  refide, 
the  whole  of  which,  except  five  acres,  is  my  property,  there 
are  thirty  cottages,  containing  131  poor  people.  I  have,  for 
five  or  fix  years  pafl,  allotted,  free  from  rent,  four  acres  of 
land,  intended  to  be  fown  with  wheat  the  followiniz;  autumn, 
for  the  cottagers  to  plant  with  potatoes;  by  which  means 
each  raifes  from  ten  to  fifteen  facks  (equal  to  240  pounds  per 
fack),  yearly,  in  proportion  to  the  number  of  their  children : 
pach  has  not  only  fufficient  for  his  family,  but  he  is  enabled 
alfo  to  fat  a  pig.  They  declare,  was  I  to  give  amoni:  them  a 
hundred  pounds,  it  would  not  be  of  fo  much  benefit  to  them; 
jind  it  is  not  one  {lulling  out  of  my  pocket,  for  I  have  as  good, 
if  not  a  better  crop  of  wheat  from  this  land,  as  I  have  from 
the  other  part  of  the  field. 

The  method  I  take  is  this  : — The  latter  end  of  November 
I  plough  the  land;  the  froft  during  the  w;jntcr  mellows  it : 
the  beginning  of  March  followinir,  I  plough  it  again,  and 
harrow  it;  at  both  which  times  I  have  iiitlc  to  do  with  my 
{lorfes :  \  then  divide  it  into  lots ;  a  man  with  a  large  family 

has 
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has  a  larger  lot  than  a  fingle  perfon^,  or  one  who  has  only  two 
or  three  children,  allowing  about  i^ix^  perches  (of  i6!- feet 
fq' are)  to  each  in  a  family  :  they  then  plant  it^  and  put  over 
their  potatoes  what  manure  they  have  collefted  the  year  pre- 
ceding (for  every  cottager  has  more  manure  than  neceflary 
ior  this  from  their  fires,  and  a  variety  of  other  things);  and 
during  tlie  fummer,  after  their  da\  's  labour  is  done,  they  and 
their  wives  hoe  them;  and  as  every  man  works  more  cheer- 
fully for  himfelf  than  for  another,  thev  do  not  fuffer  a  weed 
to  grow.  In  Oftober  they  dig  them  up;  and  it  is  the  moft 
pleaiant  thing  imaginable,  to  fee  the  nien,  their  wives  and 
children,  gathering  the  produce  of  their  little  farms,  which 
is  to  ferve  them  the  eni'uing  winter.  Was  this  plan  gene- 
rally adopted,  the  labourers  would  confume  but  little  corn ; 
which  would  fupply  the  manufa^lurins;  towns,  and  we  (hould 
liave  no  occafion  to  import.  As  four  acres  are  fufficient  for 
thirty  fimiilies,  it  would  take  but  a  fmall  quantity  of  land 
from  every  farm  in  the  kingdom.  The  way  pra6lifed  here, 
is  to  plant  the  potatoes  in  furrows,  eio-hteen  inches  apart, 
and  a  foot  apart  in  the  vows.  The  land  about  me  is  of  dif- 
ferent qualities:  on  the  hills,  rather  light:  in  the  vale,  near 
the  pariih,  inclining  to  clay ;  but  all  fit  for  turnips  :  the  po- 
tatoes are  planted  in  the  low  land,  beins;  nearer  home.  The 
poor,  at  prefent,  will  not  live  entirely  without  bread,  as  many 
do  in  Ireland,  though  potatoes  daily  get  into  ufe  more  and 
mc/re;  and  I  am  perfuadcd,  was  my  plan  generally  adopted, 
in  two  or  three  vears  the  labourers  in  the  country  would  con- 
fume  but.  little  or  no  corn,  lliirty  years  ago,  the  poor  in 
this  part  of  the  country  would  not  eat  potatoes^  if  they  could 
get  other  roots  or  vegeta^bies, 

SINGULAR  PHENOMENON   AT  COLNEEROOK   DALE. 

On  Sunday,  the  7th  of  September,  a  moft  tremendous  fall 
of  rain,  accompanied  with  thunder,  raifcd  the  river  Colne 
to  fuch  a  height,  as  to  make  it  reach  one  of  the  blaft-fur- 
naces,  belonging  to  the  Colnebrook  Dale  company,  bv  the 
overfiowino;  of  the  dams.  The  inltant  the  water  entered  the 
furnace,  a  dreadful  cxplofion  took  place,  and  a  colunm  of 
melted  and  red-hot  mineral  was  difcharged  into  the  air,  in  a 
perpendicular  direclion,  upwards  of  150  feet.  ^J'he  explofion 
was  repeated  at  inter\'ais  lor  two  or  three  tinyes,  accompanied 
each  time  by  an  extremely  brilliant  column,  the  heat  of  which 
was  fo  intenfe,«as  to  be  fj-lt  ieveral  hundred  yards  diftant. 
The  roofs  and  floors  of  the  contiguous  buildings  were  dif- 
placed  by  the  concuffion.  It  is  remarkable,  that  the  pro- 
digious quantity  of  matter^   upwards  of  2000  cubic  feet  of 

iron- 
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Iron-ftone,  lime-ftonc,  and  coals,  part  in  fufion,  emitted 
from  the  mouth  or  top  of  the  furnace,  is  entirely  diflipated ; 
and  that,  notwithftandincr  the  principal  part  of  it  was  large 
pieces  of  iron  ore  and  limeitone,  yet  not  a  particle  ot  either 
can  be  found  any  where  near  the  fpot,  nor  is  a  veftige  of  them 
to  be  difcerned  on  the  tops  of  any  of  the  adjacent  buildings. 
It  is  alio  wonderful,  that  the  aperture  at  the  top  of  the  fur- 
nace (an  openino;  not  exceeding  a  few  feet  in  diameter), 
through  which  the  contents  were  exploded,  is  not  in  the  leaft 
rent,  but  is  now  as  found  as  ever,  together  with  the  furnace 
itfelf — It  is  fuppofed  a  water-fpout  mult  have  burlt  near  the 
fpot,  as  part  of  the  works  was  in  a  few  minutes  completely 
inundated,  and  the  water  attained  to  the  amazing  height  of 
17  fdct  in  a  very  ihort  fpace  of  time. 

particulars  respecting  the  savage  of 
avetron: 

EiXtraBed  from  the  Rc-pcrt  made  fo  the  Natlojial  hijUtute  hy 

Citizen  Degerarido. 

When  the  voung  creature,  known  bv  the  name  of  the 
Savage  of  A-z'oyron,  was  dilcovercd  in  the  foreit  cjf  Canni, 
and  brought  to  Paris  by  the  profeifor  Bonaterre,  the  public, 
for  a  conliderable  time,  echoed  with  this  intelligence.  It 
occupied  the  idle,  attracted  the  curious,  and  gave  rife  to  a 
multitude  of  difcuffions,  which  were  at  leaft  premature,  as 
thev  could  then  have  no  foundation  but  conjecture. 

In  the  mean  time,  the  public,  who  ran  in  crowds  to  fee 
this  child,  were  alionilhed  to  behold  in  him  only  a  bemg, 
nearly  infenlible,  which  appeared  neither  to  hear  nor  to  fee, 
-which  ij^ave  no  fionsof  attention,  and  appeared  to  have  no  fort 
of  active  principle.  Thus  the  intereft  which  he  excited  be- 
came extinct  as  foon  as  it  was  raifed. 

The  fpirit  of  fyftem  then  palftd  a  new  fentence  on  him. 
Some  perfons,  according  to  whofe  opinions  the  lavage  (late  is 
not  only  the  primitive,  but  alio  the  mod:  perfect  ftate  of  man, 
were  furprifed  that  this  cliild  of  nature  corrcfponded  fo  ill 
with  their  ideas;  and,  dreadins;  that  he  would  completely 
overturn  their  hvpothefis,  thev  ha'lencd  to  fecure  then.felves 
from  anv  conclufion  that  might  be  deduced  from  him  by 
declaring  that  he  had  been  born  a  fool. 

Superticial  minds  confirmed  this  fentence.  The  favage  of 
Aveyron  refembled  a  fool ;  it  was  therefore  eafy  to  conclude 
that  he  was  a  fool  ;  and,  what  lent  a  ftrong  confirmation  to 
this  opinion  was,  that  Pinel,  a  phyfician,  who  has  acquired  a 
his:h  reputation  by  his  fucceffes  on  perfons  of  difordered  in- 
telle<3:s,  having  accurately  examined   all  -the  circumftances 
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connected  with  the  phyfical  and  moral  ftate  of  this  boy,  and 
having  compared  them  with  thofe  of  the  idiots  confined  at 
the  hofpital  of  the  Salpetriere,  found  fuch  a  perfect  coin- 
cidence between  them,  that  he  thought  himfelf  juftified  in 
declaring  this  creature  a  natural  idiot. 

But  a  few  philofophers  ftill  oppofed  themfelves  to  adecifion 
fo  precipitate  and  fevere.  They  thought  it  poffible  that  the  fo- 
litary  and  brutal  life  of  the  favage  of  Aveyron  might  have  pro- 
duced a  fort  of  habitual  idiotifm,  the  appearances  of  which 
might  be  fimilar  to  thofe  of  natural  idiotifm  3  and  they  held 
it  extremely  unjuft  to  condemn  the  creature  for  ever,  and 
extremely  unwife  to  leave  fo  extraordinary  a  phsenomenon 
totally  unexplained;  at  the  fame  time  they  fuggefted  the 
means  that  they  conceived  would  be  moft  effeftual  to  roufe 
his  faculties  and  unfold  his  underftanding,  if  in  reality  he 
had  any.  Locke  and  Condilhac  had  already  given  the  idea 
of  thefe  means.  Previous  to  any  attempt  to  produce  con- 
ne(Slion  of  ideas,  the  ideas  themfelves  ihould  be  created;  in 
order  to  create  the  ideas,  the  attention  fhould  be  fixed ;  and, 
in  order  to  fix  the  attention_,  the  wants  and  neceffities  of  the 
perfon  fhould  be  interefted.  They  did  not  wifh  to  teach  him 
the  ufe  of  figns,  before  he  could  have  acquired  thofe  notions 
which  thefe  terms  are  intended  to  exprefs ;  they  wifhed  to 
work  on  his  fenfibility,  to  direct  it  to  its  proper  objects,  and, 
by  the  formation  of  new  habits,  to  countera6t  thofe  depraved 
ones  by  which  he  had  already  been  enllaved.  They  faw  that 
a  long  time  would  be  required  to  excite  in  him  attention  to  a 
world  in  which  he  was  a  ftranger,  and  regard  for  objects  in 
which  he  had  been,  and  was  yet,  totally  uninterefted  :  but 
they  refolved  to  apply  themfelves  with  induftry,  and  to  await 
the  effeft  with  patience. 

The  boy  was  committed  to  the  care  of  C.  Ytard,  phyficlan 
of  the  National  Inftitution  for  the  Deaf  and  Dumb,  in  order 
thatj  by  the  combination  of  phyfical  and  modern  remedies, 
the  double  incapacities  under  which  he  laboured  might  be 
more  effectually  removed.  C.  Ytard's  exertions  have  already 
been  crowned  with  a  degree  of  fuccefs  which  is  almoft  pro- 
digious :  he  has  publifhed  the  particulars,  which  he  has  de- 
dicated to  the  National  Inftitute. 

He  proceeded  nearly  in  the  following  order  : — The  fenfe  of 
feeling  feemed  to  be  entirely  paralyfed  in  the  child :  he  fhowed 
no  fenfibility  either  to  heat  or  cold;  his  fmell  and  tafte  were 
"plunged  in  a  fimilar  fleep.  A  repetition  of  warm  baths  foon 
unfolded  his  nervous  fenfibility  :  in  a  little  time  after,  his 
feeling  acquired  aconfiderable  degree  of  delicacy;  he  became 
jfiice  in  the  choles  of  his  food  3  he  made  ufe  of  a  fe]e6lion  and 
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a  cleanlinefs  in  it  to  which  he  had  been  before  a  flranger : 
his  choice  was  dire6ted  by  the  fmell. 

The  eve  of  this  child  was  wild  and  wandering :  he  faw, 
without  doubt,  but  he  never  dwelt  on  the  object.  The  loudeft 
noifes  appeared  fcarcely  to  ftrike  his  ear;  a  piftol  (hot  would 
not  make  him  turn  his  head.  Superficial  obfervers  would 
have  concluded  that  he  was  deaf;  but  C.  Ytard  was  aware 
that,  even  when  the  fenfe  is  perfect,  no  perception  is  pro- 
duced unlefs  the  mind  is  attentive;  and  he  was  not  afto- 
ni{hed  that  the  violence  of  this  found  made  no  impreffion  on 
a  being  whom  it  could  not  intereft.  He  found  a  new  proof 
of  the  juftnefs  of  his  obfervation  in  the  attention  which  his 
pupil  bellowed  on  the  fmalleft  found  which  could  intereft 
him,  fuch  as  the  cracking  of  a  nut,  or  the  turning  of  a  key. 

In  the  mean  time  new  habits  were  formed  in  the  boy ;  a 
number  of  new  neceflities  arofe;  food,  drefs,  reft,  and  walk- 
ing out,  were  fo  many  new  means  of  augmenting  his  dcpend- 
ance.     Finding  himl'elf  under  the  neceffity  of  availing  him- 
felf  of  thofe  about  him,  he  has  begun  to  feel  the  force  of 
moral  affections,  and  has  conceived  a  particular  attachment 
to  his  governefs.     His  ideas  have  been  multiplied  and  con- 
nected ;  fome  efforts  have  been  made  to  amufe  him,  and  it 
is  contrived   to  unite  inftru6tion  with  amufement.     He  has 
been  exercifed  at  comparifons ;  they  have  accuftomed  him 
to  compare  obje6ts  with  their  images,  and  in  thefe  compa- 
rifons he  has  only  been  conftrained  to  ufe  the  united  powers 
of  judgment  and  of  memorv.     C.  Ytard  thought  this  a  fa- 
vourable moment  to  teach  him  our  written  characters,  and 
he  made  ufe  of  the  method  employed  in  the  inftruClion  of 
the  deaf  and  dumb  :   he  wrote  the  name  of  the  object  on  the 
image,  and  then,  by  effacing  the  image,  he  hoped  that  the 
name  would  remain  connected  with  the  remembrance  of  the 
object:  but  this  method  proved  unfuccefsful.     Then  other 
means  were  ufed,  which  are  detailed  in  C.  Ytard's  publica- 
tion, the  effect  of  which  was   as  happy  as  could  be  ho[)ed. 
The  boy  now  diftinguiflies  the  characters  of  the  alphabet,  and 
places   them   in  their  order;  he  pronounces  the  words /^//, 
Joupe  (not  foup),   in  the  common  tone,   and  then  brings  the 
proper  letters,  and  forms  thefe  words.     In  this  manner,  he 
ever)^  day  acquires  a  new  word ;  he  already  begins  to  tnierge 
from  his  ignorance;  he  has  entered  on  the  territory  of  reafon; 
he  is  in  pofTeftion  of  fome  of  our  terms  of  fpeech,  and  will 
foon  be  enabled  to  give  us  fome  information  refpeCting  his 
early  condition ;  a  ffe^bject  which,  of  all  others,  mult  be  moft 
inlerefting  to  curiofitv. 
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It  mad  be  obferved,  that  he  finds  great  difficulty  in  the 
formation  of  articulate  founds;  from  the  effe6l  of  long  difufe 
of  his  organs  of  fpeech,  there  are  only  a  few  words  that  he 
can  pronounce  perfectly  ;  but  it  is  hoped  that  the  fame  per- 
feverance  which  conquered  the  firll  difficulties  that  flood  in 
his  way,  will  alfo  help  him  over  the  others. 

LUNAR  RAINBOW. 

About  fcven  o'clock  on  Saturday  night,  the  24th  October, 
a  beautiful  lunar  iris  appeared  at  Edinburgh  in  the  weltern 
part  of  the  horizon.  As  the  moon  was  then  very  near  the 
full,  and  her  altitude  above  the  horizon  not  very  great,  the 
red,  yellow,  and  violet  colours  of  the  iris  could  be  eafily 
dirtinq;ui{lied,  and  the  bow  approached  pretty  near  to  a  com- 
plete femicircle.  This  phaenomenon  continued  half  an  hour; 
and,  as  the  weftern  part  of  the  horizon  was  during  that  time 
covered  with  an  obfcure  haze,  which  rendered  it  excellently 
adapted  for  the  reception  of  the  colours,  it  prefented  a  moll 
beautiful  fpeclacle  to  many  who  had  never,  till  then,  the 
pleaiure  of  obferving  it.  Arifliotle  informs  us,  that  he  was 
the  lirft  who  obfervcd  the  Iu72ar  iris',  and  adds,  that  they  are 
never  feen  but  at  the  time  of  full  moon.  It  has  often  ap- 
peared a  matter  of  wonder  to  philofophers,  how  this  phaeno- 
menon fo  rarely  occurs  :  but  if  we  coniider,  that  it  never  ap- 
pears unlefs  the  moon  be  near  the  oppoiition — that  fhe  comes 
into  this  fituation  only  thirteen  times  a  year ;  whereas  the 
fun  is  in  a  Itate  fitted  for  their  produ6lion  twice  every  day; 
and  that  the  light  of  the  moon  is  incomparably  more  faint 
than  that  of  the  fun;  our  furprife  will  quickly  vanifli,  and 
we  (liall  rather  be  aftonilhed  at  the  frequency  of  their  pro- 
duction. 


Dr,  Garnett,  having  fitted  up  an  elegant  and  commodious 
lefture-room  in  Great  Marlborough-ftreet,  intends,  we  un- 
derftand,  to  begin  his  lectures  on  natural  philofophy  and 
chemiftry  immediately.  The  introductory  leCture  will  be 
delivered  on  the  2d  of  November,  at  eight  o'clock  in  the 
evening.  The  lectures  on  experimental  philofophy  will  be 
delivered  every  Mondav  and  Fridav,  at  the  fame  hour;  and 
thofe  on  chemiilry  every  Tuefday  and  Thurfday,  at  one 
o'clock  P.  M.  7"be  medical  leClures  will  not  commence  till 
January  1802, 
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XVI.     On   the   Equilihrium   of  Arches.       By    Mr,   John 
Southern^  Engineer ,  Soho,  Blrmmgham  "^ . 


A 


SIR^  So!.o^  BirmingUam,  Nov.  2,  tooi. 


-T  the  prefent  moment,  when  the  grand  proiecl  of 
throwhicr  a  finole  arch  over  the  Thames  (propofed  by 
MefiYs.  Telford  and  D^ug]a^)  is  in  contemplation,  whatever 
tends  to  render  the  theory  of  the  equilibrium  of  arches  more 
eafily  to  be  underflood,  will,  it  is  reafonable  to  fuppofe,  be 
acceptable  to  manv  of  your  readers;  and  it  you  think  the  fol- 
lowing paper  of  this  defcription,  vou  will,  by  inferting  it  in 
the  Philofophical  Magazine,  oblige. 

Sir, 
Your  obedient  fervant, 
]\Ir.  Til  loch.  John  Southern. 

I.  LET  the  right  lines,  fig.  i.  ZBCDEF  he  fituate  in  a 
vertical  plane,  and  moveable  about  the  angles  B,C,D,E  as 
joints,  and  alfo  about  the  points  Z  and  F;  let  ZB  be  hori- 
zontal, and  let  fuch  weights  be  laid  upon  the  joints  BCDE 
as  will  keep  the  whole  in  cquilibrio,  the  points  Z  and  F  not 
yielding :  required  what  fuch  weights  are,  and  what  the  forces 
exerted  in  each  line. 

From  any  point  B  in  the  line  ZB  draw  B/*  perpendicular 
to  that  line,  continue  the  faid  line  to  any  diftance,  a,  whence 
draw  the  line  ^M  parallel  to  B/) ;  by  the  equilibrium  of 
forces,  the  weight  (rcprelented  by  the  line)  ^M  laid  upon 
the  joint  B  will  be  counterbalanced  by  a  force  ^B  in  the 
direction  ZB,  and  a  force  MB  in  the  direction  MB,  and  of 
courfe  the  point  B  remain  at  reft.  But  aclion  and  rea6lion 
being  equal  and  contrary,  the  force  ^B  will  not  only  be  ex- 
erted againit  B,  but  alfo  be  returned  and  aft  againft  the 
point  Z;  alfo  the  forc^MB  will  be  returned,  and  acl  aeanift 
the  joint  C.  Continue  BC  to  h,  fo  that  hC  —  MB7  and 
from  h  draw  the  line  Z'N  p^allel  to  B/),  meetine;  the  line  CD 
in  N;  then  will  the  force  hC,  in  the  direction  BC,  be  juft 
balanced  by  a  weight  /j'N  laid  upon  the  joint  C,  and  a  force 
NC  in  the  direction  NC.  In  like  manner  continue  the  lines 
CD  and  DE  to  c  and  d  refpectivelv,  makinir  the  lines  cD 
=  NC,  and  JE  —  OD;  and  from  the  points  c  and  d  drawing 
lines  parallel   to    B/)  meeting  the  line  DE  and  EF    in  O 
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and  P;  fo  will  the  weight  cO  laid  upon  the  joint  D,  and 
the  force  OD,  balance  the  force  cD  in  the  direction  CD ; 
and  the  weight  dV  laid  upon  the  joint  E,  and  the  force  PE 
balance  the  force  JE  aftino;  in  the  direction  DE.  The  force 
PE  will,  by  its  reaction,  be  exerted  upon  the  point  F. 

Make  BA  -  ^B,  and  draw  km  parallel  to  BC  j  B/«  will 
therefore  -  fi:M,  and  Aw  =  BM;  and  confcquendy  the 
Jines  AB,  Bw^  wA,  will  reprefent  the  forces  and  their  direc- 
tions of  a6lion  which  keep  the  joint  B  in  equilibrium.  Draw 
h.n  parallel  to  DC,  then  becaufe  bO,  =  ]MB  =  7;^A,  and  ^N 
is  parallel  to  mn  (included  in  B/)),  the  triangle  Kmn  is  equal 
and  (imilar  to  the  triangle  CZ'N,  and  confequently  the  lines 
Aw,  mn^  TzA,  reprefent  the  forces  and  their  direclions  of 
a6lion  which  keep  the  joint  C  in  equilibrium.  So,  Ao  and 
A/),  being  refpeclivcly  drawn  parallel  to  DE  and  EF,  the 
triangle  Kno  ~  DrO,  and  hap  ~  Y.dP ;  and  confequently 
their  lides  reprefent  the  forces  which  keep  the  joints  D  and  E 
rcfpci^ively  in  equilibrium. 

2.  It  is  obvious  that  the  weight  preffing  on  any  joint  is  as 
the  dijfWence  of  the  tangents  of  the  angles  which  are  formed 
by  each  of  the  legs  of  that  joint  with  the  horizor.tal  line  :  for 
the  weifrht  on  the  joint  D  is  as  cO  =  7;o;  but  B//  is  the  tan- 
cjent  of  the  angle  7/AB  (to  the  radius  AB)  =  the  angle  wiiich 
the  leg  DC  of  the  joint  forms  with  the  horizontal  iii^e  AB  ; 
and  \^Q  is  the  tangent  of  the  angle  oAB  (to  the  fame  radius) 
-—  the  anole  which  the  other  leg  DE  of  the  joint  forms  with 
tlie  horizontal  line  AB;  confequently,  no  is  the  difference  .of 
tiiefc  tangents. 

3.  It  is  equally  obvious  that  the  force  exerted  through  anv 
ie^;  of  anv  of  the  joints,  and  which  may  be  called  the  com- 
j>r tij] big  force ^  '\^  as  the  fecant  of  the  angle  which  that  leg 
forms  with  the  horizontal  line:  for  the  force  through  the 
Icii;  FE  i.s  as  p\,  the  force  through  ED  is  as  oA,  through 
DC  as  //A,  through  CB  as  7;iA,  and  through  BA  as  BA  ; 
refpecVivelv  the  fecants  of  tlie  angles,  with  the  radius  AB^ 
which  each  log  makes  with  the  horizontal. 

4.  The  horizontal  force,  or  compreffing  force  at  the  crown, 
(which  is  conitant,)  is  AB  =  radius;  becaufe  the  leg  at  the 
crown  is  horizontal,  and  therefore  the  ano-le  is  nothiuo;  there, 
the  fecant  oi  which  is  equal  to  radnis. 

5.  If  the  weights  which  are  difpofed  upon  anv  numher  of 
configuQus-  pints  be  united  and  laid  upon  one  joint,  and  if 
the  legs  which  form  this  joint  have  the  fame  declination  from 
the  horizontal  line,  and  the  fame  forces  exerted  through  them 
that  the  extreme  legs  of  the  two  extreme  joints  of  the  faid 
contiguous  number  have^  the  cqmlibrium  will  ftill  be  exa^t. 
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Continue  the  line  BC  to  G  and  e,  and  the  line  FE  to  G; 
make  Ge  -  MB  —  the  force  a6ling  towards  G  from  B  ;  draw 
eg  parallel  to  B/).  By  conftruclion,  Ge  is  parallel  and  equal 
to  Aw,  and  ^G  is  parallel  to  pX;  therefore  the  triangles  Geg 
and  Avip  are  equal  and  fimilar,  and  reprefent  the  forces  which 
keep  the  joint  G  at  reft ;  but  the  force  or  weight  eg  =  mp  = 
mn  -j-  no  +  op  is  equal  to  the  fum  of  the  weights  upon  the 
angles  CDE;  and,  by  conftru<Stion,  the  legs  FG  and  BG  of 
the  joint  G  have  the  fame  declination  from  the  horizontal 
that  the  extreme  legs  (FE,BC)  of  the  two  extreme  joints 
(EC)  of  the  contiguous  joints  CDE  have. 

6.  It  is  hence  evident  that  the  fum  of  the  weights  upon 
any  numl-e-r  of  fucceiTivc  joints   (whether  they  be  numerous  . 
or  feu),  beginning  at  the  vertex,  is  as  the  tangent  of  the  angle 
formed  by  the  ultimate  leg  of  the  laft  joint  with  the  horizontal 
line. 

7.  Confequentlv,  if  the  legs  be  extremely  numerous  and 
Ihort,  fo  as  to  form  a  curve,  or  a  line  differing  infenfibly  from 
a  curve,  the  whole  weight  prclTinfr  on  that  curve  muft  be  as 
the  tangent  of  the  angle  which  a  tanocnt  to  the  curve  at  the 
loweft  point  makes  with  the  horizontal  line,  becaufe  the  faid 
tangent  will  coincide  with  the  ultimate  leg  of  the  curve. 

8.  If  the  curve  be  the  arch  of  a  circle,  the  angle,  which 
a  tangent  to  the  curve  forms  with  the  horizontal  line,  will 
be  equal  to  that  at  the  centre,  contained  between  the  vertical 
radius  and  that  drawn  to  the  point  whence  the  tangent  is 
drawn,  and  may  be  meafured  by  the  arch  itfelf. 

Let  adf  fig.  2.  be  the  arch  of  a  circle  from  the  centre  sr, 
and  za  vertical ;  draw  ^F  horizontal,  a  t;ingent  to  the  arch 
at  a,  which  is  confequentlv  at  right  anoles  to  the  radius  a-z. 
From  anv  point  in  the  arch,  as  e,  draw  e?n  a  tangent  to  the 
curve  at  e\  the  angle  em¥  is  therefore  that  which  the  tangent 
to  that  point  makes  with  the  horizontal  line;  and  becaufe 
em,  one  of  its  legs,  is  at  right  i^^gle^  to  e%y  and  Fw,  (the 
other  lee:,)  bv  conltruCtion,  at  riiiht  anyrles  to  as:,  the  ano;le 
eza  is  equal  to  the  angle  einV,  and  may  be  meafured  on  the 
iarch  from  a  to  e.  So  the  anvjle  dza  mav  be  proved  to  be 
e([ual  to  that  which  a  tangent  to  the  areh  at  d  would,  if 
drawn,  make  with  the  horizontal.  And  X^y  of  any  other 
point. 

9.  Let  the  arch  adf  in  the  laft  figure,  reprefent  the  in- 
Irados  of  a  bridge  ;  if  it  be  required  what  weights  fliould  be 
laid  upon  any  given  portions  of  it  to  effeef  the  equilibrium, 
draw  through  the  given  points  Zti/f/ radii  from  the  centre  2; 
to  the  horizontal  line  <7F;  lb  are  the  portions  iyB.BC,CD, 
DE,  and  EF,  proportional  to  the  weights  required  to  be  laij 
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on  the  refpective  portions  ah,  he,  cJ,  de,  and  cf,  of  the  arch. 
For  E<2  is  (7.)  proportional  to  the  whole  weight  on  the  arch 
ea,  T)a  is  proportional  to  the  whole  weight  on  the  arch  day 
and  therefore  ED  is  proportional  to  the  weight  on  that  por-* 
tion  of  the  arch  ed  correfponding  with  it,  and  is  as  the  dif- 
ference of  the  tangents  of  the  angles  formed  by  tangents  to 
the  arch  at  the  points  e  and  d  with  the  horizontal.  (2.) 

10.  The  horizontal  force,  or  comprefling  force  at  the 
crown,  is  as  radius  (4.)  =  za  ;  the  comprelhng  force  at  any 
point,  cord,  is  as  sC  and  zD  refpeciively  (3.);  and,  of 
courfe,  the  preffure  on  the  abutment  in  dire6lion  of  a  tangent 
to  the  arch  there,  as  zF. 

11,  It  is  eafy,  from  what  has  hitherto  been  demonftrated, 
to  calculate  from  tables  of  tangents  the  actual  weights  which 
fhould  be  laid  upon  given  portions  of  arches,  provided  the 
weight  upon  any  one  portion  be  given.  Suppofe,  for  in- 
Itance,  an  arch  to  contain  from  the  fummit  or  crown  to  the 
abutment  30°,  and  that  on  the  tirft  degree  10  tons  be  laid, 
(including  the  weight  of  the  arch,  road,  &:c.)  then  fay,  As 
the  tangent  of  one  degree  is  to  10  tons,  fo  is  the  tangent  of 
two  degrees  to  the  weight  upon  two  degrees,  from  which 
fubtraA  the  weight  upon  the  firft^  and  there  will  remain  the 
weight  due  to  the  fecond  degree  ;  and  fo  on, 

Thus^  as  tang.         1°  "      -  co.  ar,  1.75808 

is  to  10  tons         -         -        1. 00000 

fo  is  tang.     i;°  -  -  8.54308 

» 

Weight  upon  2°     20,006  tons  -  1.30T16 

Subtract     10  the  weight  upon  the  firll  degree. 

10.006  tons  upon  the  fecond  degree. 


Again^  as  tang.         1°  co.  ar.  1.75808 

is  to  10  tons  -  1,00000 

fo  is  tang.  15°  -         -         9.42805 


Weight  upon  15°    153.51  tons         r.  2.18613 

As  tang.             1°  CO.  ar.  1.75808 

is  to            10  tons  -         i.occoo 

fo  is  tang.  16°        -  .        9 -45 750 


Weight  upon  16°  -  164.28  tons         -        ^^.21558 

Subtra6l  weight  upon  15°         '^SZ-S^  ^^"* 


Weight  upon  the  i6th  degree    10.77  tons 


Again, 
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Again, 


as  tang. 

1° 

IS  to 

lo  tons 

lb  is  tang. 

30° 

CO.  ar. 


lOI 

1.75808 
1 .00000 
9.76144 


The  whole  weight  upon  30°  =  330v7  tons        -        2.5195Z 
Double  this  will  be  the  whole  weight  of  the  bridge. 

13.  It  was  Ihown  (3.)  that  the  comprefiing  force  of  any 
leg  in  a  fyftem  of  angles  was  as  thefecant  of  the  angle  which 
that  leg  formed  with  the  horizontal  line.  The  leg  at  any 
point  of  a  curve  will  coincide  with  the  tangent  at  the  fame 
point,  and  therefore  the  conipreffing  force  at  any  point  of  the 
arch  of  a  circle  is  as  the  fecant  of  the  arch  between  that 
point  and  the  vertex  (8.)  Thus  the  compreffin^  force  at  30"^ 
from  the  crown,  is  as  the  fecant  of  30°;  and  this  is  the  force 
exerted  upon  the  abutment  in  direction  of  the  tangent  to  the 
arch  there.  The  compreiling  force  at  2°  from  the  crown  is 
as  the  fecant  of  2%  and  at  the  crow'n  (10.)  as  the  fecant  of 
o  degrees. 


Thus,  as  the  tang,  of    1° 

is  to  10  tons 

fo  is  fecant  of    o"^ 
The  comprefling  force  at  th( 

crown    =    the   horlzoTital  .  , 

force,   or  thrufl:,  or  pu(h.  i^^^'y 
againft  the  abutment 


Again,  as  the  tang,  of     i"" 

is  to  10  tons 

fo  is  fecant  of   30'  * 
The  comprefling  force  exerted 
againlt  the  abutment  in  di- 
reilion  of  the  tangent  to  the 
arch  at  that  point 


CO.  ar.     1.75808 
1. 00000 
10.00000 

2.75808 


CO.  ar.    J.7580S 

1. 00000 

10.06247 


>  661.53  tons 


2.S20 


j5 


13.  This  feems  to  be  all  that  is  requifite  to  be  known  of 
the  theory  of  the  equilibrium  of  arches  of  a  circle,  fo  far  as 
it  relates  to  practice  :  the  builder  will  naturally  defire  to  con- 
ilrucl  his  bridcre  with  the  feweft  materials  confiftent  with 
llabiliiy,  and  wjll  probably  firft  determine  the  dimenfions  and 
weight  of  thofe  at  the  crown,  which  he  will  fix  at  a  mini- 
mum, and  from  that,    by   the  rules  juft  given,  the  weight 

*  To  fome  of  thofe  who  may  not  have  a  logarithmic  table  of  fecaats  it 
niav  be  ufcful  to  fay,  that  the  logarithmic  fecant  of  an  arglc  may  i-e  had 
by  fubtravfiine  the  co-fme  of  the  ansjle  from  20.0C000. 
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over  other  parts  of  the  arch:  In  mod  cafes  wlicrein  the  fpan 
of  the  arch  is  large,  the  fpandrils  will  require  t(;  he  hollow, 
and  the  weights,  clediiced  as  ahove,  will  fliow  him  how  much. 
To  carry,  the  theory  a  little  further, 

14.  Let  AwB,  ^\<^.  3,  be  anv  curve  equilibrated  by  the 
wall  ABCD  built  upon  it,  and  fuftained  by  a  horizontal  force 
applied  at  A  the  crown,  and  a  tangential  one  at  B  ;  let  S  be 
the  centre  of  curvature  at  A  and  SAD  vertical.  It  was  ftiowu 
(9.  10.)  that  the  weight  of  incumbent  matter  on  anv  portion 
of  the  arch  of  a  circle,  is  to  the  horizontal  force  as  the  tangent 
of  that  portion  of  the  arch  is  to  radius.  Let  Kvi  be  a  verv 
fmall  portion  of  the  curve,  which  may  therefore  be  fuppofcd 
not  to  differ  fenfiblv  from  the  arch  of  a  circle  of  the  radius 
SA,  nor  indeed  from  the  tangent  of  that  arch.  Therefore 
the  weight  upon  Am  will  be  to  the  horizontal  force  as  Am 
is  to  radius  AS :  but  as  the  weight  is  proportionate  to 
the  altitude  AD  of  the  wall,  fo  is  the  horizontal  force  alio 
as  that  altitude ;  and  as  the  former  may  be  expounded  by 
the  fmall  area  An  (ww  being  parallel  to  .^D)  =  Ayn  X  AD, 
fo  may  the  latter  be  expounded  by  AS  X  AD  :  in  other 
words,  the  horizontal  force,  pulh,  or  thruft,  is  equal  to  a 
wall  whofe  length  is  AS  and  altitude  AD.  Make  BG  a 
tangent  to  the  curve  at  B,  and  draw  BP  horizontal  5  alfo  draw 
sad  parallel  to  SD,  and  make  sa  —  SA,  and  ad  =  AD;  draw 
ab  and  dc  horizontal,  and  sh  at  rieht  andes  to  BG.  The 
angle  bsa  is  therefore  equal  to  the  angle  GBP,  which  is 
the  angle  made  by  the  curve  at  B  with  the  horizontal  line; 
and  as  ah  is  the  tangent  of  this  angle  with  the  radius  as 
(  =  AS),  the  area  abed  is  equal  to  ABCD  (7.)  —  ab  X  ad. 

Draw  FI  parallel  and  verv  near  to  BG,  and  FH  a  tangent 
to  the  curve  at  F ;  alfo  at  right  angles  to  FH  draw  sf,  and 
from  y  parallel  to  be  draw^i.  It  follows,  from  what  has  been 
faid,  that  the  fmall  trapezium  BI  is  equal  to  the  fmall  paral- 
lelogram hi. 

75.  Hence  the  general  equation  for  the  altitude  of  the  wall 
above  of  all  curves  of  equilibration,  which  are  fo  poifed  by 
the  matter  acting  upon  them  'verticall}'  ord-y^  as  if  Handing 
on  vertical  pillars  clofe  together  upon  the  arch,  viz.  at  ~  luj, 
wherein 

a  =  height  of  the  wall  at  the  crown. 

/  —  the  fluxion  of  the  tangent  of  the  angle  GBP,  formed 
by  the  tanoent  to  anv  point  of  the  curve  (as  B)  with  the  ho- 
rizontal line,  the  radius  being  AS. 

iu  -  the  altitude  of  the  wall 'above  the  faid  point  (as  BG), 


which  determines  the  figure  of  the  cxtrados. 


y- 
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V  =  the  fluxion  of  the  ordinate  to  the  fame  point  of  the 
curve  =  the  horizontal  dlllance  of  the  hnes  BC  and  FI. 

16.  Let  the  curve  be  the  arch  of  a  circle,  and  let  it  be  re- 
quired to  find  'zv.  Let  r  =  radius,  and  j,  z,  and  /,  the  co- 
temporary  fluxions  of  the  fine,  the  arch,  and  the  tangent, 
(fee  i\g,  4.) ;  ulfo,  let  ^'  =  the  fecant,  and  u  be  drawn  parall/i 
to  z. 

then,  y  :  z  ::  r  {=  AS)   :  s  (—  SI) 

r  :  s 
r  :  s 

therefore,    y  :   i  : :  r' :  5^  and  i  =  -y 

Subftitute  this  value  for  i  in  the  general  equation  above, 
and  it  will  be, 


y 

% 

z 

u 

u 

i 

—y  =  uy ;  therefore 


~—  being  a  conftant  quantity,  iv  is  proportional 

to  s^y  as  found  by  others. 

17.  Let  the  curve  be  the  parabola,  fig.  5. 
A  the  vertex  or  crown, 
B  the  point  on  which  zv  is  required. 
BK  a  tangent  to  the  curve  at  B. 
X  —  AP  (and  by  the  nature  of  the  parabola  2.v  =  PK). 
jv  =  PB  ;   other  letters  as  before. 

y   :   2x  '.  '.   r  \   t 
ixr 

~    y 

ir\x  —  2rxy 

and  fubfti luting   this  value  for  /  in   the  general  equation 
at  —  wy),  we  have 

— '■ ~ =  wy,  hence  wyy  =  laryx  —  larxy. 

By  the  nature  of  the  figure  y'^  =  />-r,  where  />  the  para- 
meter =  zr  (r  being  the  radius  of  curvature  at  its  vertex) 

therefore  y-  =  2r^  and  x  =  — ; 
"^  2r 

alfo  X  =  ■^. 
r 

G  4  SubRitutiag 
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Subftituting  ihefe  values  in  the  equation  juft  above, 

ru^yy  =  2ayy  —  avy 

-r^  -  /z ;  fo  that  the  extrados  and  intrados 
are  precifelv  fimilar  and  .  quai  figures,  havina  their  vertical 
diftance  conftantly  the  fame  -:.  a,  the  altitude^of  the  wall  at 
the  crown. 

i8.   Let  the  extrados  be  a  horizontal  line  DC,  fio-   6    re- 
quired the  intrados,  a  being  given,  and  x,  y,  w,  as%efore. 
Hy  the  ngure  10  .-  a  +  x,  and  the  general  equation  will  be 
zvy  =  a  -^-xj  =  at  ', 

therefore  y  = 


a  -{-  X 
Alfo,  y  :  X  (fee  figure)   : :  r  \  t. 


a^'  •=.  arx     -f  rxx^ 


^*   =  X   a^x  4-  X-, 


t   =  — ^  s^Zax  -\-  x'y 


rx  -K,% 

y  = (as  above)   =  


rS: 


t         - 
—Z^/zax  -}-  XX 


^  ar. 


V/  2  ax  -f  x: 


y  •=^    '/^^X  hyp.  log.  of  ^-h-v-i- V2^a'  +  *'a; 
+  C. 

But  when  x  r=  o,yr=  o,  and  C  =  —  v^^  x  hyp.Iog.^. 
The  correcl  fluent  is  therefore 

y  —    VarX  hyp.  log. ——  ^ 

which  is  the  fame  that  Dr.  Hutton  makes  it,  page  44,  new 
edition  of  his  Principles  of  Bridges,  wherein  Q  there  =  ar, 
here   -  the  horizontal  force. 

If  a,  X,  and  y,  be  given  in  any  cafe,  as,  for  inftance,  the 
altitude  of  the  wall  at  tbe  crown  above  the  intrados  and  the 

ahituG<5 
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altitude  and  half  fpan  of  the  arch  ;  then  r  mav  he  found  as 
follows,  and  thence  the  ordinaics  to  any  other  point. 

Let      c  —  hyp.  lofr.  f — 1, 


Then  y 

— 

v^^r 

X 

<-. 

y~ 

— 

arc  , 

r 



• 

Example.   Suppofe  the  fpan  of  the  arch  to  be  tco,  the 
altitude   of  it   40,   and   the   height   of  the   wall    above   the 
crown  6  (fame  cafe  as  Dr.  Hutton's,  page  47,  Principles  of 
Bridges), 
a  —  6,  X  —  ^o^  y  =  50,  therefore 

=    15.200,    tne  hyperbolic  logarithm 

of  which  is  2.7257  *"  — .  c,  c^  —  7.4297,  ac-  —  44.578,  and 

2__  —  „«J^  —  r6.o8i  =  r  —  the  radius  of  curvature  of 
ac^         44-57'^ 

the  arch  at  the  crown. 


19.  The  WEIGHT,  of  the  incumbent  matter  on  a  curve 
loaded  to  the  equilibrium,  crmtained  between  the  crown  and 
any  point  B,  fig- 3-  and  which  maybe  expcundL-J  bv  tiie 
area  AC  of  the  wall  above  it,  has  been  fliown  (:4.)  to  he 
always  —  ah  y,  ad  --  at.     Let  A  —  faid  area  AC. 


20.  If  the  curve  be  the  arch  of  a  circle,  and  T  —  the 
tabular  tangent  of  the  number  of  degrees  contained  in  the 
arch,  then  will  /  =  rT.  and  confvquently  A  —  arT. 


21.  If  the  curve  be  the  parabola,  fee  fig.  5  ; 
then  y  :   2x  ;  I  r  '.  t 


2xr 


and  _>'*  z=:  px  =  2 


rx    T     - 


I  by  the  nature  of  the  figure. 


2''-^  ->''   N   _  „ 


Therefore  t  (=  — -  =  -  — )  =  y. 

y         y 

and  A  =  ya^ 

♦  The  bynerbolic  logRnt'^m  o'"  a  nnmhtr  mny  he  four  i  hv  rr.iiirinKiTVcr 
the  common  or  Briggs's  Ingarrhnr.  of  the  fame  number  by  2.301365,  &.c. 
tiie  produ«Sl  is  the  required  hvperbolic  lot^a],ithm, 

22.    If 
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22.  If  the  top  or  cxtrados  be  a  horizontal  ftraight  line, 
fee  fior.  6  ; 


/  =  — -*yzax  -f  XX y  (i8.)  therefore 


ta  =  A  —  r-a-A/2ax  -f  xx  =  ^rax  X  2a  "^  x- 

■Example.  Take  the  cafe  of  Dr.  Hiittou's  laft  mentioned, 
wherein  r  was  found  equal  to  56.081  ;  therefore 
r<7.r  =  13459,  and  2a  -\-  x  :=^  52. 


23.  It  is  well  known  to  meclKinicians  that  if  a  heavy  body 
be  fuftained  by  two  forces,  their  directions  muft  meet  either 
at  the  centre  of  gravity  of  that  bodv,  or  in  a  "jertical  line 
which  paifcs  through  it.  Let  A,  fio-.  7,  be  the  bodv,  g  Its 
centre  of  oravitv  ;  ea  a  Ilrlno;  bv  which  it  is  fufoended,  wlilcli 
asraln  is  fuftained  bv  the  ^x\i\Q?>  ab.ac.  ae\s  of  nee e flit v 
vertical,  and,  if  continued,  mufi  pafs  through  the  centre  of 
gravity  g  of  the  body.  If  tins  firing  were  either  longer  or 
ihorter,  the  point  a  would  flill  be  at  reft,  and  the  (trings  a'y 
and  ac  under  the  fame  tenfion.  If  the  body  were  removed 
verticallv  to  the  fituation  dotted,  it  would  be  fuftained  in  the 
fame  pofitlon  by  the  firings  hf  and  eg,  which  would  fuffer 
the  fame  tenfion  as  when  they  were  united  in  the  point  a. 
If  inftead  of  firings,  props  hi,  hi,  applied  in  the  fame  direc- 
tions on  oppofite  fides  of  the  body,  were  fubftituted ;  or  If, 
inftead  of  thefe  props,  others  parallel  to  tliem  were  applied, 
which,  If  continued,  "would  meet  in  the  vertical  line,  (as  mn 
and  op,  wliich  meet  in  g,  do,)  the  body  would  ftlil  be  fup- 
ported  at  reft  and  in  the  fame  pofitlon,  and  the  props  would 
fuffer  the  fune  force  of  compreflion  in  thefe  latter  cafes,  as 
the  ftrings  on  the  oppofite  fides  fuffered  tenfion  in  the  former. 

24.  Hence  the  centre  of  gravity  of  the  weights 
upon  the  joints  E,D,  C,  (fig.  i.)  muft  be  in  a  vertical  line 
pafTing  through  G,  becaufe  thev  are  fuftained  in  equilibrium, 
or  at  reft,  bv  two  forces  in  the  direction  BC  and  FE,  which 
jines,  continued,  meet  in  G.  Alfo,  the  centre  of  gravity  of  all 
the  weights,  fay  on  B,  C,  D,  and  E,  muft  be  in  a  vertical  line 
that  paftes  through  /',  becaufe  thev  are  fuftained  by  two  forces 
in  the  dire6lion  FE  and  ZB,  which,  continued^  meet  in  h. 

25.  Hence  alfo  the  centre  of  gravity  of  the  materials  upon 
a  curve  in  equilibrium  will  be  in  a  vertical  line  that  pafTes 
through  the  point  of  interfedion  of  the  tangents  to  the  ex- 
treme points  of  the  curve. 

Let  M 
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Let  ahc,  fiii;.  8.  be  the  curve  loaded  to  the  equilibrium  ; 
let  dd  be  a  tangent  to  the  curve  at  a,  cd  a  tangent  to  the 
cun^e  at  c,  and  be  a  tangent  to  the  curve  at  h  (the  crown). 
The  centre  of  gravity  of  the  whole  materials  is  in  a  vertical 
line  which  pafTes  through  d',  and  the  centre  of  gravity  of  the 
materials  over  the  arch  a,h,  is  in  a  vertical  line  that  pafles 
through  the  point  c,  becaule  the  points  d  and  e  are  rcfpec- 
tively  the  points  of  interfection  of  the  tangents,  drawn  from 
the  extreme  points  of  the  portions  in  queftion  of  the  curve. 

26.  To  find  the  horizontal  diftance  /j/ of  the  centre  of  gra- 
vity of  the  materials  contained  between  the  croiun  and  the 
abutment,  from  the  latter.  Drop  a  vertical  line  ef^  from  r, 
upon  the  ordinate  jj*.  L.&taf=d,  and  i  and  _>*  be  parallel 
to,  and  cotcmporary  fluxions  of,  x  and  j  refpectively.  Thea 
it  is  evident  that  x  :jy  : :  .v  ( —  ef)  :  d  {  =  of) ; 

xy 
therefore  generally  d  =  -^ , 


27.  If  the  curve  be  the  arch  of  a  circle,  e,h  (fee  lad  figure) 
is  evidently  the  tangent  of  half  the  arch,  which  j'ubtracled 
from  half  the  fpan,  leaves  d,  =  line  of  the  arch  —  tangent 
of  half  the  arch. 

28.  If  the  curve  be  the  parabola, 

2  vy 
y  :  2r  w  y  :  ^v  —  — ^  ,  by  the  nature  of  that  fig. 
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therefore  d  zz.  —^ — •  =  \y. 
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29.  If  the  curve  be  the  equilibrial  curve  with  a  horizontal 
extrados. 


It  was  (hown  (18)  that  y  —   Var  I —  j 

^'^  2ax  -^  XX  ' 

\zax  "T  XX  I 

therefore   d  ( ■=  -'.-  )  =  n/  —  V 

X  /  2ax  4-  XX 


2a  4"  ^ 

Example.  Take  the  cafe  of  Dr.  Hutton's  mentioned 
before,  wherein  r  was  found  =  56.081,  rax  =  13459?  ^^^ 
j.a  -\-  X  •=!  52, 
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XVTT.  Ohfervations  find  li,xperiments  upon  Dr.  James's 
Fowdei'^  iv'iib  a  Method  of  preparing,  in  the  humid  IVayy 
a  Jimilar  Suhjliince,  By  Rl  CHARD  Chenevix,  jE/J. 
F.R.S,  M.R.I.J.* 


A: 


.FTER  the  obfervations  and  experiments  made  by  Do^^or 
Pearfon,  to  itiveftigate  the  nature  of  Doc^tor  James's  powder, 
and  prefented  by  him  to  this  focieiy,  very  httle  remained  to 
be  effected  or  defired  towards  a  further  knowledge  of  the  fub- 
je£f.  But  thofe  very  experiments  ferved  to  fuggeft,  that  the 
mode  of  preparation  was  tar  from  beino-  the  bed  that  the  pre- 
fent  imnroved  ftate  of  chemical  knowledare  miirht  afford  :  and 
that,  in  all  probability,  a  lefs  defective  compofition  might 
rcfult  from  a  procefs  more  conformable  to  fome  improve- 
ments, which  of  late  have  been  advantageoufly  applied  to 
pharmaceutic  chemiltry. 

It  mav  be  laid  down  as  a  general  principle,  that,  in  deli- 
cate experiments,  whether  analytical  or  fynthetical,  fire  (that 
potent  ,and  once  believed  to  be  univerfal  agent)  is  too  preca- 
rious in  its  means,  and  too  uncertain  in  its  application,  to  be 
employed  with  full  and  conftant  fuccefs.  And,  if  it  is  ftill 
recurred  to,  the  advantage  of  promptnefs,  and  a  remnant  of 
antient  cuilom,  are  the  principal  reafons.  But,  where  other 
methods  can  be  devifed  to  effe6l  the  fame  combinations,  (and 
the  humid  way  offers  many,)  every  perfon  converfant  in  che- 
mical knowledge  will  allow  the  benefit  of  adopting  them. 
The  recent  improvement  in  the  mode  of  preparing  calomel, 
\s  a  Itriking  example  of  fuch  falutary  corrections  being  fuc- 
cefsfullv  introduced. 

A  few  obfervations  upon  the  formula  according  to  which 
Dr.  James's  powder,  or  the  pulvis  a?2tii?ionialis,  is  prepared, 
and  upon  fon}e  properties  of  antimony,will  place  this  affertiou 
in  a  more  prominent  point  of  view. 

In  order  to  prepare  this  powder,  we  are  told  to  take  equal 
weights  of  bone  or  hartfhorn  {havings  and  crude  antimony, 
and  calcine  them  together,  at  a  high  temperature :  in  othqr 
words,  to  take  phofphate  of  lime,  which  already  contains  a-  '1 
ereat  excefs  of  lime,  and  add  to  it  an  oxide  of  antimony.  In 
this  procefs,  it  has  been  iuppofed,  that  the  phofphoric  acid 
of  the  bone  or  hartfhorn  will  faturate,  not  only  the  lime  with 
which  it  was  originally  combined,  but,  in  addition  to  it,  a 
riev.' portion  of  metallic  oxide,  and  a  new  portion  of  lime, 
for,   what  little  fulpburic  acid  might,  daring  the  procefs, 

•  From  the  FbUfippblcal  Irmj'aftioiis  fcr  i8oi. 

have 
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have  been  formed  by  the  combLifiion  of  the  fiilphur  of  the 
crude  antimony,  is  dillipated  at  a  mucli  lower  temperature 
than  that  to  which  the  ])ovvder  is  expofed. 

Every  oxide  of  antimony  with  which  we  are  acquainted  is 
volatile  at  a  high  degree  of  heat:  it  would  therefore  be  ha- 
zardous to  aOcrt,  that  it  is  j^ollible  to  preierve  alwavs  th^i 
lame  proportion  ot  antimony,  whatever  care  mav  be  em- 
poycd  in  direobng  the  operation;  and  a  dilfimilaritv  in  the 
chemical  relult  muft  neceifarily  be  attended  with  uncerlainty 
lu  the  medical  application. 

To  this  property  may  be  added  another,  no  lefs  conducive 
to  error.  That  portion  of  oxide  of  antimony  which  is  not 
volatilized,  becomes,  in  a  great  meafure,  infoluble  in  all  the 
acids.  What  the  effect  of  the  gauric  juice  may  Lx^  upon  a 
lub.tance  which  rehfts  the  aolion  even  of  nitro-muriatic  acid 
It  IS  not  my  purpofe  to  determine.  It  is  fufficient  for  me  to 
lay,  that,  as  thequantity  of  infoluble  matter  in  a  given  quan- 
tity of  Dr.  James's  powder,  prepared  at  different  limes,  may 
vary,  the  eflecl  of  any  dole  alfo  may  differ  accordino-  to  the 
proportions  of  foluble  and  infoluble  matter.  ° 

I  look  upon  it  as  a  fortunate  circumfiance,  that  thoft:  ex- 
periments and  obfervations  which  I  mentioned  in  the  beain- 
ning  of  this  paper,  exifted  as  a  ftandard  to  which  I  m?crbt 
refer  my  own  attempts,  and  by  which  I  mioht  eftimate  tlfeir 
validity.  Dr.  Pearfon  has  proved,  (as  by  my  own  experi- 
ments I  have  found,)  that  in  Dr.  James's  powder  about 
^8  per  cent,  refilled  the  action  of  every  acid.  In  examinin^r 
'  lome  of  the  puk^is  aniimoma/is  of  the  London  pharmaco- 
peia, I  found  the  average  quantity  of  infoluble  matter  to  be 
about  44  per  cent.  This  proporiion,  hov/ever,  was  liable  to 
conhderable  variation  *. 

The  powder  here  treated  of  is  denominated  bv  Dr.  Pearfon 
a  triple  fait,  or  a  real  ternary  combination  of  i  double  bafis 
(hme  and  antmiony,)  with  phofphoric  acid.  What  I  havtt 
mentioned  with  regard  to  the  quantity  of  acid  contained  in 
bone  or  hartfliorn,  as  being  too  fmall  to  faturate  a  new  por- 
tion ot  thefe  bales,  may  throw  fome  doubts  upon  the  pofli- 
bihty  of  any  fuch  combination  in  the  prefent  cafe.  But  I 
have  made  fonie  more  dired  experiments,  which  tend  to 
prove  that  no  luch  combination  does  exilt. 

I  took  fome  white  oxide  of  antimony,   (formerly  called 

*  I  find,  from  the  information  of  leveral  medical  gerrlemrn,  that  the 
^t^i'-Jis  MuimoHiaiis  la  generally  conhdcred  as  Wronger  than  Dr.  James's 
povvder.  This  Iccms  rachcr  extraordmarv,  when  wc  confider  tiiat  the 
luannty  of  mloluble  matter  is  greater  in  the  former  than  in  the  latter - 
*iMl  would  aJmult  Uud  u^  to  fufpea  it  to  be  the  adtivc  pan  or  the  mcdicire! 
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algnroth  pQivdcr,)  precipitated  by  water  from  nniriatc  of  an- 
timony, and  healed  it  for  a  long  time  with  phofphoric  acid. 
1  decanted  the  liquor,  and  waflied  the  powder  that  remained. 
Ko  antimony  could  be  found   in  the  liquor,  nor  could  any 
traces  of  phofphoric  acid  be  detefted  in  the  refiduary  oxide  of 
antimonv.     I  then  took   a  I'olution  of  muriate  of  antimony, 
and  divided  it  into  two  equal  parts :  into  one  I  poured  di- 
ftillcd  watery  and  into  the  other,  a  folution  of  phofphate  of 
foda.     In  each  liquor,  a  copious  precipitate  was  formed ; 
which  precipitates,  after  being  well  wafhed,  were  dried.    The 
weitrht  of  both  was  the  fame ;  whereas  it  is  evident  that, 
had^anv  phofphoric  acid  been  combined  with  theo.xide,  there 
would  have  been  an   augmentation  of  weight  in  that  which 
was  precipitated  bv  the  folution  of  phofphate  of  foda.     This 
precipitate  likewifc,  upon  examination,   gave   no   traces  of 
phofphoric  acid.  From  thefe  experiments  it  appears  that  there 
exifls  no  combination  which  can  be  denominated  a  phofphate 
of  antimony. 

To  attenipt  an  explanation  of  the  real  nature  of  the  powder 
here  fpoken  of,  I  had  recourfc  to  fome  experiments  of 
M.  Berthollet.  Bv  detonating  fulphuret  of  antimony  and 
nitrate  of  potafli  in'  a  crucible,  he  obtained  a  mafs,  which  he 
reduced  to  powder,  and  wafhed.  The  liquor  gave,  upon  eva- 
poration, a  crvllallizcd  fait,  which  M.  Berthollet  terms  an 
iintimcnlafe  offotafh,  I  never  could  fucceed  in  any  attempt 
to  form  a  fimilar  combination  between  the  above  white  oxide 
of  antimony  and  potafh,  owing,  I  believe,  to  the  fniall  quan- 
tity of  oxygen  contained  therein,  compared  with  that  which 
is  combined  with  the  oxide  obtained  by  detonation.  I  can- 
not therefore  fay,  that  the  powder  in  queltion  is,  in  any  de- 
gree, what  M.  Bcrthollet  would  call  an  anthnoniaic  of  lime. 

But  be  the  ftate,  whether  of  mixture  or  of  combination, 
what  it  may,  my  purpofe  is  to  endeavour  to  produce  a  fub- 
ilance  which,  from  its  more  certain  mode  of  preparation, 
may  be  more  equal  and  conilant  in  its  effeets. 

DilTolve,  together  or  feparalely,  in  the  leaft  poflible  portion 
of  muriatic  acid,  equal  parts  of  the  forementioned  white  ox- 
ide of  antimony  and  of  phofphate  of  lime  *.     Pour  this  folu- 
tion 

*  In  order  to  procure  the  phofphate  of  lime,  I  diflblvcd,  in  muriatic 
acid,  a  quantity  of  calcined  bone,  and  precipitated  by  ammonia,  in  its  ftate 
of  greateft  caufticity.  By  this  means,  the  excefs  of  muriatic  acid,  which 
held  in  folution  the  phofphate  of  Hmc,  is  faturated,  and  the  phofphate  is 
precipitated  ;  but  no  muriate  of  lime  is  decompofed,  if  the  amrnonia  is 
quite  free  from  carbonic  acid.  This  is  the  moft  dire6l  method  of  obtain- 
ing phofphate  of  lime  pure.  This  fait  is  not  decompofed,  as  fome  have 
alferted,  by  muriatic  acid,  but  merely  diilbh'ed  by  it.  I  have  been  in- 
duced 
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tion  eradiially  into  diftilled  water,  prcvloufly  alkanzaled  bv  a 
iufficient  quantity  of  ammonia,  A  white  and  abundant  pre- 
cipitate will  take  place,  which,  well  wafhed  and  dried,  is  the 
iLibftitute  I  propofe  tor  Dr.  James's  powder. 
^  The  theory  of  this  precipitation  is  {o  clear  and  fimple  that 
n  does  not  require  any  comment.  It  may  be  uleful,  how- 
ever, to  thole  who  \\\{h  to  make  this  preparation,  to  reimrk, 
that  It  IS  ablohitely  neceffarv  that  the  iolution  of  phofphate 
ot  hme  and  of  oxidti  of  antimony,  in  muriatic  acid,  fnould, 
after  being  well  mixed,  be  poured  hito  the  alkaline  Viquor^ 
in  order  to  obtain  a  precipitate  homogeneous  throucrhout  the 
operation.^  For,  fliouid  the  alkaline  liquor  be  poured  into  the 
acid  jolution,  the  water  of  tlie  former  would  act  upon  the 
entjre  mafs  of  oxide  of  antimonv,  while  the  alkali  would  pre- 
cipitate X\^^  phofphate  of  lime  only  as  it  faturated  the  acid 
which  held  that  fait  in  lokiiion  :  thus  the  precipitate  would 
contain  more  antimony  in  the  bcirinnino-;  and,  towards  the 
end,  the  phofphate  of  lime  would  be  ])rc^dominant.  For  the 
iarne  reafon,  too,  a  pure  alkali  is  preferable  to  its  carbonate; 
tor  the  carbonic  acid  difengaged  would  retain  in  folution  a 
portion  of  pholphate  of  lime. 

\yhether  this  compofition  be  a  chemical  combination  or 
a  mixture,  I  will  not  take  upon  me  to  determine ;  but,  tor 
the  reafons  above  mentioned,  in  fpeakincr  of  Dr.  James's 
powder,  I  belive  it  to  be  merely  a  very  intimate  mixture.  At 
all  events,  it  inuit  be  more  homf)oeneous  than  any  that  can 
he  prepared  in  the  dry  wav.  Itls  entirelv  foluble  in  everv- 
acid  that  can  dillolve  either  phofphate  of  lime  or  oxide  of 
antimony  leparately;  and,  to  have  it  eonftantlv  and  uniformly 
nie  iame,  no  further  addrcfs  in  preparing  it  is  required,  than 
io  avoid  the  errors  f  have  mentioned. 

As,  after  fome  medical  trials  of  the  powder,  it  was  fucr- 
eeftcd  to  nie,  iliat  it  might  be  advantageous  to  renderit 
lomewhat  Itrongcr,  I  prepared  another  portion,  by  takino-  two 
parts  of  oxide  of  antimonv  and  but  one  o^' phofphate  oflime, 
^^^Ci  precipitating  as  above  deferibed.  TXi^  medicinal  pouer 
v.as  then  confiderably  increafed. 

_  Dr.  James's  powder  is  a  medicine  which  has  been  fo  loner 
ii\  ule  and  is  fo  defervedly  ranked  among  the  moft  valuable 
we  }X)ilefs,  that  every  attempt  to  render  the  procefs  for  prepar- 
ing It  more  fimpjc  and  more  certain,  muft  be  allowed  to  be  of 

'^f  "k-  %?^^.^  ^'^''''^'  '^^''^'^  particulars,  bscaufe,  from  the  beneficial  eriVit-i 
ot   this   fait  in  the  treatment  of  rachitis,  as  prcpoled  by  M.  Bonhomme, 
KAnnales  de  Cbmie,  vol.xvni.  p.  113,)  it  may  become  of  general  ufe.  The    ■ 
-Jxicle  of  antimony,    1  obtained  bv  precipitating,  by  %v4t':r,  the  common  ' 
outtcr  of  antimony  of  the  Ibopi.     '  ^      .    ^      ^ 
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fc,n,c  iniportance.     But  uhatever  reafon  there  was  to  think, 
C  a.guL  upon  k.  chemical  propert.es,  that  1  had  really 
Jcce.^eJ  tu  improving  its  medicinal  vnuics,  it  itiU  rein:,  aed 
t   be    roved,  by  aduaf experiment,  that  the  hoped-for  fuccefs 
■-^  ,ut  me  els^eonjeaurll.     To  afcer.ain  tins,  I  gave  fome 
of  mv  Dowder  to  ^Dr.  Crichton,  Dr.  Bab.ngton    and  Mi. 
Aherret'iy,  trentlemen  whofe  extcnfive  praft.ce  and  acknou- 
kd'.:  (k  Ifufficienllv  enabled  them  to  judge  of  its  med.ca 
„ro°u-,.ies.     Thev  air co.icur  in  opinion,  that,  lu  its  gene.al 
'fleets  ,t  ac^rees  vvith  Dr.  James's  po-.^der  and  the  puh^s  an- 
'",t...;^..;  but  that  it  IS  mo.-e  nnid,  ai.c,  <-„nfequently  may 
be  eiven   in  h.r.er  quantities,  feldom  producing  naufea  or 
vonnting  in  doles  of  lefs  than  eight  or  ten  grains. 

X\'lir      Ohfcrvafmns  and    Experiments  undirlaken  -u'ith  a 

'    yte^w  to  determine  the  Quantity  of  Sulphur  contained  vi 

Sulphuric  Aad,  end  cf  tins  latter  contamcd  m  Sulphates 

in.  general.     By  KiCHAliD  Chekevix,  hjq.   t.K.b. 

In  a  paper  which  I  had  the  honour  to  prefent  to  the  Royal 
So'ietv  of  London,  and  the  fubjea  of  xvhich  was  the  analyfii 
of 'fome  arieniates  of  copper  and  of  iron  1  had  occafion, 
examining  ma..y  pvritcs,  matrices  of  thole  ores,  to  remark 
tic  verv  2rc3t  iact,ua!itv  ^^h.ch  prevailed  m  the  refults  of  re- 
pcued  e.Npe.ime.its,  made  with  a  view  to  determine  the  p.-o- 
portion  of  fulphur.  But  I  foon  perceived  that  the  maceuracy 
^vascHufed  bv  a  partial  combultio.i  and  acidification  of  the 
radical,  through  the  means  of  the  nitric  acid  employed  to 

diiVolve  the  ore.  r         •     j     i    . 

Havino-  therefore,  in  the  ufual  manner,  afcertamed  what 
au.n-/'tv1)f  that  insredient  rem.uned  untouched,  I  was  lorccU 
?o  fc'k  ihe  reft  of  Tt  in  the  liquor  which  had  waflied  the  va- 
rious'precipitates.  To  obtain  it,  I  poured  a /olut.on  of  ni- 
t  ate  of  biivtcs  into  th..fe  waflii.igs  when  all  the  other  ub- 
liances  h.d  been  earehillv  feparated,  and  w^s  thereby  enabled 
to  precipitate,  in  a  liate  of  pu,-itv,  the  fulphate  of  bar^■tes, 
formed  bv  tbat  earth,  and  by  the  portion  of  fulpht.r  origi- 
rnllv  acid.lied  in  .he  firft  treatment  of  the  ore  by  mtr.c  acid. 
To  come  at  the  knowledce  of  the  pioporlion  of  lulphur  con- 
4tned  in  a  given  Quantit-v-  of  fulphate  of  I'^^X';^.'/,^^''/'^! 
courfe,  in  the  firft  n.ftanee,  to  the  quantity  of  lulphur  la.d 
by  Lavoilier  to  be  contained  in  fulphuric  acid;  and,  in  the 

*  From  the  Tra'iraaw:!  of  lie  R'oal  Ir'Jh  Acadtmj. 
^  '  r.er.t. 
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next,  to  the  proportions  of  the  latter,  aDiioiinced  In  the  fy- 
noptic  tables  of  Fourcroy,  as  entering  into  the  compofitioii 
of  fulphate  of  barytes.  Accorcirng  to  the  former  of  thofe 
chemifts,  100  parts  of  fulphuric  acid  contain  71  of  fulphur 
and  29  of  oxygen ;  and  again,  in  adopting  the  propor- 
tions of  the  latter,  we  have  33  per  cent,  of  acid  in  fulphale 
of  barytes.  But  if  100  contain  71  of  fulphur,  0^^  muft  con- 
tain 23.43.  Confequentiv,  for  every  I03  parts  of  fulphate 
ofbaryles,  I  was  to  allow  23.43  of  fulphur.  But,  by  the 
refults  of  mv  analvfes,  I  had  fuch  quantities  of  fulphate  of 
barytes  as  induced  me  to  doubt  the  accuracy  of  one  or  other 
of  the  ftatemcnts  by  which  I  eflimatcd  the  quantity  of  real 
fulphur  contained  in  the  ore. 

No  perfon  is  better  acquainted  than  our  celebrated  prefi- 
Uent  with  the  many  difnculties  that  occur  in  the  analyfis  of 
falts  in  c^neral,  particularly  with  regard  to  the  quantity  of 
real  acid  they  may  contain.  It  has  been  a  vvork  of  trouble 
to  the  ablell  chemifts,  and  they  have  not  always  agreed  in 
their  refults.  The  proportions  announced  by  Fourcroy  may 
therefore  be  doubted,  in  conmion  v/ith  thofe  of  the  other 
learned  operators  to  whom  I  have  alluded. 

The  real  quantity  of  acid  produced  by  the  combuftion  of 
any  acidifiable  bafis,  can  be  determined  by  one  or  other  ot 
the  following  methods  only  :  bv  direcl  combination  in  fome 
fait,  the  proportions  of  which  are  already  known  ;  or  by  ob- 
taining, in  a  (tate  perfectly  free  from  water,  the  acid  refult- 
ing  from  fuch  combultion.  To  the  former  method,  the  ge- 
neral objcd^tions  againft  all  analyfes  of  falts  muft  apply.  1  he 
latter  is  ftill  more  defective.  It  is  by  no  means  certain  that 
we  have  ever  yet  obtained  any  acid  in  a  ftate  of  perfect  fic- 
city,  unlefs  we  excej^t  the  phoiphoric  and  the  arfenic ;  for 
even  the  cryftallized  vegetable  acids  retain  a  portion  of  water 
in  their  cryltalHzation.  It  is  not  that  I  abiolutely  deny  our 
having  obtained  them  \^ ;  but  I  fay  merely  that  we  have  no 
proof.  It  would  indeed  be  fetting  narrow  bounds  to  the  per- 
fection of  nature  to  ailert,  that  no  combuftible  body  could, 
when  faturated  with  oxygen,  aHTume  of  itfeif  the  Itate  of  li- 
quidity;  or  that  the  oxide  of  tlic  particiuar  fubitance  called 
hydrogen  muii  be  prefent  to  confer  that  property.  Doubtlefs 
fulphuric  acid  may,  as  v.-ell  as  water,  contain  in  itfeif  fojull 
a  proportion  of  fpecitic  heat,  as  to  remain  liquid  at  the  tem- 
•perature  of  our  globe,  -and  under  the  preilure  of  our  atmo- 
Ipherc.  But  both  water  and  fulphuric  acid  being  eafily  vola^ 
tilized,  and  having  a  pov/erful  affinity  for  each  other,  it  is 
not  eafy,  if  even  polTible,  bv  dilliilation,  to  feparate  them 
with  fufficient  accuracy  in  experiments  of  delicate  inquiry. 
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A  fecond  fource  of  error,  therefore,  remained  open  in  this 
branch  of  the  calculation,  which  gave  the  proportion  of 
23.43  of  fulphur,  as  that  contained  in  100  parts  of  fulphate 
of  barytes. 

However,  before  I  would  allow  myfelf  to  call  in  queflion 
fuch  authorities  as  thofe  I  have  quoted,  I  inftituted  the  fol- 
lowing experiments : — In  a  tubulated  glafs  retort  I  put  too 
parts  of  purified  fulphur,  and  poured  upon  them  (Irong  nitric 
acid.  A  quilled  receiver,  plunging  into  a  Woulfe's  appa- 
ratus, was  adapted  to  the  retort ;  and  all  being  well  luted, 
I  proceeded  to  diftil.  The  liquor  which  came  over  was 
poured  back  fevcral  limes  upon  the  fulphur,  until  the  whole 
was  difTolved.  The  water  which  had  come  over,  and  that 
through  which  the  nitrous  ga?,*  produced  during  the  opera- 
tion, had  palled,  were  eiTayed  for  fulphureous  acid,  and  no 
traces  of  it  could  be  found.  No  fulphur  had  been  vola- 
tilized, therefore  no  fufpicion  could  remain  that  all  was  not 
converted  into  fulphuric  acid.  The  liquors  which  were  in 
the  various  parts  of  the  apparatus  were  united,  and  to  them 
was  added  a  fufficient  quantity  of  nitrate  of  barytes.  The 
whole  was  evaporated  gently ;  becaufe,  though  I  am  well 
acquainted  with  the  very  little  folubility  of  fulphate  of  ba- 
rytes, I  well  know  that  nitric  acid  will  retain  a  fmall  portion 
of  it,  particularly  when  formed  in  a  liquor  where  that  acid 
abounds.  In  a  firft  experiment  I  obtained  694  from  100  of 
fulphur;  in  a  fecond,  348  from  50;  and,  in  a  third,  347 
from  the  fame  quantity.  But  the  fimple  rule  of  three  re- 
duced theie  quantities  to  14.6  or  14.4  per  cent,  of  fulphur 
contained  in  fulphate  of  barytes;  a  difference  wholly  to  be 
neglected.  If,  therefore,  we  take  14.5  as  the  average  for  the 
quantity  of  fulphur  contained  in  lOO  parts  of  fulphate  of  ba- 
rytes, we  (hall  not  be  far  from  the  truth.  From  the  accord- 
ance of  thefe  experiments,  repeated  and  varied,  I  had  now 
no  doubt  but  concerning  the  fource  where  I  was  to  feek  the 
error,  which  gave  23.43  as  the  jufl:  proportion. 

To  afcertain  this  pomt,  I  operated  in  the  following  man- 
ner:— I  prepared  fome  lime  as  pure,  I  believe,  as  chemical 
means  can  procure  it.  I  digefted  white  marble  in  muriatic 
acid;  and,  by  leaving  an  excefs  of  the  earth,  was  certain 
that,  by  the  fuperior  affinity  of  lime  for  that  acid,  nothing 
elfc  had  been  taken  up.  Upon  trying  the  folution  with  am- 
monia, no  precipitate  took  place.  By  means  of  carbonate  of 
potafli,  I  feparated  the  lime  in  the  fiate  of  carbonate;  and, 
after  well  waOiing  the  precipitate,  expofed  it  in  a  platina 
crucible  to  a  violent  heat  till  the  weight  no  longer  dimi- 
nifhed.  I  am  acquainted  with  no  more  efficacious  method 
4  '  •  to 
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to  prepare  lime  fit  for  the  delicate  purpofes  of  fcientlfic  che- 
niiftry. 

One  hundred  parts  of  this  lime  were  dUTolved  in  dilute 
muriatic  acid,  in  the  fame  platina  crucible,  previoufly 
weighed;  and  then  fulphuric  acid  was  added  in  fufficient 
quantity.  Sulphate  'c;^  lime  was  precipitated:  and  the  vefiel 
was  expofed  to  a  heat,  at  firil  genlle,  to  evaporate  the  liquor  ; 
and  then,  bv  degrees,  raifed  To  a  temperature  which  could 
expel  every  thing  but  the  combined  fulphuric  acid,  and  leave 
the  fulphate  of  hme  completely  calcined.  The  crucible  with 
the  (iilt  was  then  wcicrhed,  and  the  augmentation  was  76, 
It  appears  to  me,  that,  "if  we  admit  (and  I  fee  no  reafon  that 
we  (liould  not  admit  it)  that  calcined  lime  and  calcined  ful- 
phate of  lime  are  wholly  excm.pt  from  water,  it  muft  be  clear 
that  the  76  additional  weight  were  fulphuric  acid ;  and  that 
the  fulphuric  acid  muft  inlhis  ftate,  more  than  in  any  other, 
approach  nearer  to  what  mav  be  termed  abfolutely  real  acid. 
One  hundred  parts  of  calcined  fulphate  of  lime  contain, 
therefore^ 

Lime  -  -         57 

Sulphuric  acid  -         43 

100 
Bv  the  former  experiments  (thofe  made  upon  fulphur  con- 
verted into  acid,   and  then  united  to  barstes.)   we  had  the 
quantity  of  fulphur  contained  in  fulphate  of  barytcs.     By  the 
latter  (thofe  made  bv  direftly  combining  lime  uith  fulphuric 
acid)   we  had  the  proportion  of  real  acid  contained  in  cal- 
cined fulphate  of  lime.     Confequently,  by  knowing  the  ratio 
that  fulphate  of  barvtes  bears  to  fulphate  of  lime,  with  regard 
to  the  acid  in  each,  we  Ihall  arrive  at  the  knowledge  of  the 
quantity  of  fulphur  contained  in  real  fulphuric  acid.     For 
this  purpcfe,   I   attempted  to  diilolve,  in  water,  ico  parts  of 
fulphate  of  lime.     But  finding  in  this  method  of  proceeding 
a  confiderable  inconvenience  ariiing  from   the  great  quantity 
of  liquor  necef^arv  to  etiecl  the  folution  of  that  fait,  I  had 
rpcourfe  to  the  following  expedient : — Upon   100  grains  of 
calcined  fulphate  of  lime^  I  poured  fome  oxalic  acid,  which 
attracts  the  bafis  with  an  aftinit\^  luperior  to  that  exercifed 
by  fulphuric  acid.     Oxalate  of  lime  was  here  formed;  but 
oxalate  of  lime  is  foluble  in  a  very  fmall  excefs  of  any  acid. 
A  little  muriatic    acid   operated   a   complete  folution;  and 
thus  a  great  quantity  of  fulphate  of  lime  required  'but  little 
water  to  diflblve  it.      Into  this    liqupr,    muriate  of  barytes 
was   poured,    and  fuffered    to    remain    fome   time,    gently 
heated.     By  thefe  means  any  oxalate  of  barytes  that  might 
have  been  formed^  was  retained  in  folution  by  the  original 
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excefs  of  acid;  and  the  entire  quantity  of  fulpbate  of  baryfcj 
was  dcpofited.  Of  the  exatirinefs  of  all  thefe  methods,  whicb 
1  uled  as  the  inftruments  by  which  I  afcertained  thefe  refuUs, 
I  convinced  mvfclf  by  various  prehminary  experiments. 
After  the  ufual  likration,  wafhing  and  drying  at  the  gentle 
heat  of  a  fand-balli,  1  obtained  in  one  experiment  185,  in 
another  183,  and,  laftlv,  in  another  180.  This  difference 
does  not  exceed  the  limits  of  what  all  perfons  converfant  in 
analytic  chemirtry  will  allow  to  experiments  of  this  nature. 
We  mav  therefore  take  183  as  the  mean  proportion;  confe- 
quently  we  Ihall  fay,  that  183  of  fulpbate  of  barytes  contain  the 
fame  quantity  of  fulphurie  acid  as  100  of  fulpbate  of  lime;  and 
183  :  43  :  :  lOO  :  23.5.  Therefore  23.5  is  the  proportion  of 
acid  in  100  of  fulpbate  of  barvtcs.  But  we  have  before  ieen 
that  14.5  of  fulphur,  acidiiied  by  nitric  acid,  form  that  por- 
tion of  fulphurie  acid  contained  in  100  of  fulpbate  of  barytes^ 
viz.  23.5.  We  mull  now  fay,  that  23.5  :  14.5  : :  100  :  61.5, 
and  the  fourth  term  will  be  the  propoitiun  of  fulphur  =  61. 5, 
which  combined  with  38.5  of  oxygen  will  form  ico  of  real 
fulphurie  acid. 

In  neither  of  the  proportions,  whether  it  be  of  the  acid 
contained  in  the  fait,  or  of  the  combuftible  bafis  contained 
in  the  acid,  do  I  agree  with  the  two  chcmifts  whom  I  have 
quuled.  This  juftly  excited  fome  doubts  in  my  mind,  and  kd 
me  to  repeat  my  experiments.  Nor  fhould  I  yet  be  tho- 
roughly fitisl'ied,  if  I  could  not,  upon  oth'jr  grounrls  than 
by  fuppofing  inaccuracy  in  theni,  account  for  the  apparent 
differences.  W'e  muft  ever  expeft  to  fee  the  errors  of  our 
predeceflbrs  corrected  by  men  much,  inferior  in  abilities,  but 
who,  by  pofltlling  more  certain  u.eans,  fupply  the  want  of 
genius  and  invention.  At  the  time  in  which  the  experi- 
ments were  made  that  determiricd  the  proportion  0133  per 
i'cnt.  of  lulphuric  acid  in  fuiphate  of  ba-vtes.  it  wa-'  not  known 
that  we  had  never  obtained  any  barytes  pure;  and  that  a 
eonliderable  portion  of  carbonic  ''.id  renfted  the  atStion  of 
every  degree  of  heat  that  had  been  ap;  lied  Kj  carbonate  of 
harvtes.  The  fact  was,  I  believe,  firft  o'oferved  by  Pellerier, 
but  the  method  of  avoiding  the  inconveniei^ce  was  pointed 
out  by  Vauquelin.  Hedecompoie-:  nitrate  of  barytes  by  fire, 
and  a  moderate  decree  of  heat  is  futiicient  to  ^::pel  all  the  acid 
and  the  water.  The  chemifts  1  have  ruenii  ne^l  pcrfo;  aied 
fynthetic  experiments  by  combining,  direct:  or  indirertlv, 
liilphuric  acid,  andfuch  barytes  as  thcN  mia^mcd  to  be  pure. 
The  conftant  Innilarity  of  their  rjfu'ij  is  fu(Kcieiit  to  prove 
the  accuracy  of  their  operations;  but,  working  upon  an  im- 
pure fubltance,  they  muft  have  been  canieiUcd  with  a  fimi- 
iarity  of  error. 

Three 
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Three  caiifes  niav  exift  which  ai'c  capable  of  accounting 
for  anv  variation,  whether  in  plus  ov  in  minus^  that  might 
Juive  appeared  in  the  experiments,  bv  which  Lavoifier  deter- 
mined the  quantitv  of  falphuric  acid  obtained  by  the  com- 
biiflion  of  fulphur  in  oxy^ren  gas. 

iti:,  A  part  of  the  fulphur  may  be  volatilized  daring  com- 
l)uftion. 

2d,  All  the  fulphur  may  not  be  converted  into  fnlphuric 
iicid,  bilt  part  may  remain  in  the  Itate  of  fulphnreous  acid. 

'^d.^  In  re6lifying,  fome  acid  may  come  over  along  with 
the  water;  or,  'vkeKjerfd^  fomc  water  remain  with  the  acid. 
'J'hefe  confidcrations  u  ill  excufc  me  for  having  propofed  a 
doubt,  where  the  authority  of  fo  great  a  man  exifts  againll 
the  ex"j3eriments  which  I  have  related. 

The  method  which  I  had  ufed  to  afcertain  the  quantity 
of  fulphur  in  an  ore  had  been  praetifed  by  TaiVaert  {Annates 
de  Cbimle,  No.  82  :  Analvfis  of  Cobalt  from  Tunabcrg) ;  but 
be  calculated  according  to  the  proportions  of  Lavoificr  and  of 
Fourc-oy.  in  another  paper  by  Thenard,  [Armales  de  Chi- 
mie,  Ko.  96,)  he  ftates  the  proportions  of  falphuric  acid,  ob- 
tained by  treating  fulphur  with  nitric  acid,  to  be 
Sulphur  -  -         55-5^ 

Oxygen  -  -         44.44 

lOC.C© 

but  in  the  extract  given  by  Guyton  in  that  number  of  the 

Annales  de  Chimie^   the  mode  of  operation  is  not  defcribed. 

Calcined  fulphaie  of  barytes  is  eiiimated  in  the  fame  paper 

to  contain 

Barytes  -  - .        74.82 

Sulphuric  acid  -         25.18 
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which  proportions  are  a?  near  to  what  I  had  four^d  as  can  be 
expected  ;  for  fulnhate  of  barvtes  does  nnt  contain  more  than 
3  per  cent,  of  water  of  cryftaihzation,   and  they  mud  be  de- 
ducfed  from  the  quintal. 

Havine:  determined  with  accuracy  the  proportion  of  acid 
in  any  infoluble  fulphate,  it  is  eafy  to  proceed  to  the  deter- 
mination of  that  contair.ed  in  any  other  fulphate.  The  do- 
cimaftic  art,  or  analytic  chemiftry,  in  general,  cannot  how- 
ever expect  to  derive  fuch  advantages  from  the  knowledge  of 
foluble  falts,  as  of  thofe  which,  from  their  infolubihty, 
inay  be  ufed  with  accuracy^,  in  delicate  experiments,  to  de- 
termine the  proportions  of  the  confti'tuent  parts  of  bodies. 
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But  if  with  this  mode  of  operating  we  compare  the  quan- 
tities of  real  acid,  fiiid  (in  thofe  excellent  tables  with  which 
Mr,  Kirwan  has  enriched  the  fcience)  to  be  contained  in  ful- 
phuric  acid  of  diflerent  fpccific  gravities,  each  will  fervc  as  a 
proof  of  the  validity  of  the  other  ;  and  perhaps  demonftrate, 
that  fulphuric  acid,  without  the  intervention  of  water,  may 
enjtry'  liquidity  at  the  temperature  and  preiiure  which  adl 
upon  our  globe. 
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[Continued  from  p.  5 3.] 

XIII.   Of  ihe  CryJIaUizalic7t  of  Solutions  of  Plati7ia, 

jL  flE  fniail  yellow,  red,  and  fand-like  grains  which  are 
depofited  at  the  bottom  of  the  united  folutions,  and  which 
fomctimes  alfume  the  octaedral  form,  are  generally  taken  for 
nnn"iate  of  piatina.  The  quantity  of  thefe  cryftals,  which  is 
always  very  fniall,does  not  increafe  }n"  concentration;  which, 
however,  ought  to  be  the  cafe,  if  thefe  cryftals  were  really 
muriate  of  platina.  No  more  of  them  appear  in  folutions 
from  which  they  have  been  once  fcparated  ;  and  their  fepa- 
ration  is  even  complete  a  long  time  before  the  moment  when 
the  real  muriate  of  platina  begins  to  crvftallize. 

Thefe  cryftals  are  a  double  fait,  conipofed  of  muriate  of 
platina  and  potafh,  as  will  be  feen  hereafter :  they  are  formed 
from  the  fmall  quantity  of  potafh  which,  by  the  inadvertency 
of  the  workmen,  remains  in  the  neck  of  the  retorts,  when 
preparing  nitric  acid,  and  from  that  alfo  which  is  carried 
over  in  the  diftillation  itfelf;  for  nitre  is  always  found,  after 
the  re6lification  of  a()uafortis,  at  the  bottom  of  the  retorts. 
71ie  greater  part  of  thofe  who  have  operated  on  platina 
having  in  general  employed  the  acids  fold  in  the  fhops,  Ave 
need  not  be  furpriff  d  that  they  (hould  have  found  cryilalline 
depofits  of  rhe  k.nd  here  alluded  to.  and  that  none  of  them  are 
ever  {ctr^  in  folutions  made  on  purpole  with  acids  Vvcll  puritled. 

If  fome  of  thefe  crvitals  be  heated  in  a  glafs  tube  clofed  at 
one  end,  their  nature  may  be  foon  diftino;uiihed  ;  becaufe  the 
muriatic  acid,  cliarged  with  the  oxviicn  of  the  metal,  is  vo- 
latilized in  gas:  while  the  platina,  reduced  to  the  metallic 
itate,  and  mixed  with  the  muriate  of  poiafli,  remains  at  the 
bottom  of  the  tube. 

Lewis,  in  my  opinion,  is  the  only  perfon  who  has  accu- 
rately obferved  the  cry(tallization  of  platina.     The  folution 

was. 


Kxperiments  on  Plaf'ma,  Ii^ 

was  accidentallv  at  that  degree  of  faturatlon  which  could 
conducl  to  this  dilcover)' ;  and  this  circumftar.ce,  as  will  be 
feen,  is  the  firft  of  thofe  neceflliiy  for  the  fuccefs  of  the  cryf- 
tallization  in  qneftion. 

The  iecond  condition  confifts  in  not  leaving  an  excefs  of 
acid  J  and  this  Lewis  accompliilied ;  for  he  fays  (p.  148) 
that  the  favour  of  ihefe  crvftals  was  ha.fh  and  difagreeable, 
but  much  lefs  corrofive  than  he  cxpeftcd,  on  account  of  the 
great  quantity  of  acid  which  he  had  employed.  Indeed^  if 
this  folution  be  prepared  in  the  fame  manner  as  prepared  by 
Lewis,  it  will  be  found  to  have  the  favour  of  four  vegetables; 
and  whatever  difagreeable  tafte  it  has,  arifes  from  the  iron 
and  copper. 

The  muriate  of  platina,  when  pure,  eafily  cryftallizcs; 
but  it  is  difficult  to  make  it  cr  ftallize  when  it  is  united 
with  forcion  muriates  not  fufceptible  of  crvftallization,  and 
which  oppofe  this  tendency.  In  this  there  is  nothing 
which  diltinsfuiflies  it  from  the  moft  cryftallizable  falts,  and 
therefore  we  muft  endeavour  to  difcovcr  means  for  difen- 
gaging  it  from  thefe  obftacles.  We  (hall  now  examine 
thofe  which  may  remove  the  excefs  of  acid  from  a  folution 
of  platina. 

Every  folution  which  has  been  fubje6led  to  ebullition  and 
concentration  is  not  charged  with  muriatic  acid,  and  the 
caufe  mav  be  eafily  perceived  :  but  the  cafe  is  not  the  fame 
with  the  nitric  acid,  which  fufFers  itfelf  to  be  concentrated; 
and  though  it  is  not  attracied  bv  the  oxides,  which  the  mu- 
riatic acid  feizes  upon  exclufively,  it  adheres  to  them  with 
fufficient  force;  but  if  it  be  difficult  to  expel  it,  it  may  be  eafily 
decompofed. 

To  accomplifli  this,  a  little  muriatic  acid  and  crude  platina 
muft  be  added  to  the  folution  before  it  be  di (tilled.  This 
acid,  which  cannot  act  upon  the  platina  until  it  has  been 
oxidated,  at  the  expenfe  of  the  nitric  acid,  determines  the 
decompotition  of  the  latter,  and  facilitates  the  feparation  in 
the  form  of  nitrous  ji^as.  This  operation  mav  be  repeated, 
and  when  no  more  gas  appears  you  may  be  allured  that  you 
have  a  folution  difencracved  from  everv  excefs  of  acid.  When 
the  folution  is  brought  to  this  term,  nothmg  but  muriates 
different  from  that  of  platina  can  retard  the  cryitallizat.on  : 
thefe  muriates  are  thofe  of  copper  and  iron  oxydated  to  a 
fnaxir)iu?n. 

To  feparate  them,  it  is  indifpenfably  necelTary  to  concen- 
trate the  folution  m  fuch  a  manner,  that  it  may  form  in 
cooling  a  mai's,  which  moulds  itfelf  in  the  retort,  but  of  fuch 
a  confiftence^  thatj  when  placed  on  its  fide,  it  Ihall  fuf^er  a 
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portion  of  the  liquor  to  efcape.  If  the  concentration  iia? 
not  come  to  that  point,  and  if  the  refiduum  prefents  only  a 
thick  fubftance  like  honey,  it  niuft  be  again  placed  over  the 
fire.  But  if  it  has  been  carried  too  far;  that  is  to  fay,  if  the 
reparation  of  the  liquid  part  cannot  be  ejBfe^^ed,  yon  mu(t 
ihen  add  to  the  mafs,  which  we  here  fuppofe  to  be  four  or 
iive  pounds,  fome  fpoonfuls  of  water,  and  rediflblve  it  by  the 
help  of  heat  and  ebullition.  This  method,  which  is  very 
eafv  for  thofe  acquainted  with  the  pra^lice  of  the  laboratory, 
is  the  fame  as  that  employed  for  refinina;  fugar,  a.nd  fepa- 
rating  from  it  the  molafics. 

After  having  furmounted  this  obllacle,  the  reft  becomes 
eafy.  Nothing  then  is  neceffary  but  to  add  a  quantity  of 
water  nearly  equal  to  the  volmne  of  the  muriates  that  have 
thus  been  feparated ;  to  expofe  the  whole  to  heat;  to  fuifer 
the  retort  to  cool  in  the  furnace ;  and  to  proceed  to  two  or 
three  fucceffive  diftillations^,  to  feparate  the  cryftals  of  the 
muriate  of  platina. 

This  method  has  a  double  object — the  cryftallization  of 
the  muriate,  and  its  purification.  It  is  evident,  and  cannot 
be  doubled,  that,  by  repeating  this  procefs  a  fufficient 
num.ber  of  times^  platina  may  be  as  completely  purified 
as  by  any  of  the  other  means  hitherto  known.  But  while 
we  admit  all  the  utility  of  this  method,  we  muft  allow  that 
it  is  tedious  and  troublefome,  both  in  regard  to  the  cryftal- 
lization of  the  muriate,  and  its  purification.  The  others 
therefore,  in  our  opinion,  ought  to  be  preferred ;  for,  to 
obtain  the  cryftals  with  the  irreateit  eafe,  it  will  be  fufficient 
to  concentrate  a  folution  of  platina  purified  by  a  procefs 
which  we  fliall  fpeak  of  hereafter.  If  any  one,  however, 
wiflies  to  carry  this  method  of  purification  to  the  hio;heft 
degree,  he  mav  be  certain  of  having  attained  to  it  by  making 
the  following  experiment : 

DifTolvC;  in  a  certam  quantity  of  water,  a  little  of  this  mu- 
riate, and  try  it  with  ammonia.  If  the  common  yellow  pre- 
cipitate of  the  red  oxide  of  iron  be  obtained,  there  ftill  re- 
mains fome  muriate  of  the  latter  combined  with  the  platina  ; 
but  the  muriate  of  platina  is  pure  if  no  precipiiate  manifefis 
itfelf. 

It  is  of  importance  that  the  folution  fhould  be  well  di- 
luted, otherwile  the  ammonia  would  form  with  the  platina 
that  kind  of  faline  precipitate  which  is  produced  by  the  mu- 
riate of  ammonia. 

At  the  mom.ent  of  their  concentration  thefe  folutions  of 
platina  experience  a  bubblinor,  which  would  endanger  the 
retort  if  the  perfon  who  conducts  the  operation  perfiited  in 
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continuing  the  fire.  Thefe  movements  arife  from  the  imioa 
of  a  yellow  powder,  which  as  yet  is  only  the  potalhccl  mu- 
riate of  platina  of  which  we  have  juft  fpoken,  and  which  it 
is  indifpenfahly  neccirary  to  feparate.  In  regard  to  the  mod 
expeditions  means  of  heating  a  retort  which  contains  12  or 
15  pounds  of  matter,  and  of  maintaining  the  heal,  a  fupport 
of  wire  ought  to  be  preferred  tofand-baths,  which  I  have  long 
banilhed  from  my  laboratory,  even  in  the  preparation  of 
aether,  the  rei^lification  of  acids,  &c. 

But  when  it  is  necciTary  to  operate  on  a  great  fcale  with  a 
certain  number  of  veffels,  it  is  evident  that  iand-baths  placed 
in  a  row  in  a  gallery  will  in  this  cafe  be  attended  with  more 
certainly. 

XIV.   Of  the  Compojit'mi   vf  the  Is'itro-mnTial'ic  Add  for  the 
Solution  of  crude  Platina, 

No  author  has  faid  any  thing  pofitive  in  regard  to  the  pro- 
portions which  will  vield  the  ftrongelt  nitro-nuuiatic  acid 
for  this  kind  of  labour.  This  uncertainty,  which  itopped  me 
during  my  firft  refearches,  induced  me  to  endeavour  to  dif- 
cover  thefe  proportions  by  direct  experiments. 

As  the  lirensth  of  acids  varies  in  the  diiferent  mannfic- 
lories,  it  appeared  to  me  proper  to  lake  them  at  that  detrree 
of  concentration  at  which  they  are  commoulv  found  in  the 
fhops.  I  confined  myfelf  therefore  to  aquafortis  of  35  dc- 
2;rees  by  Baimie's  areometer,  and  muriatic  acid  of  15  de- 
grees, without  giving  myfelf  any  trouble  about  the  nitric  acid 
which  might  be  prelent  in  the  muriatic  acid,  or  the  iron  arid 
the  fulphuric  and  fulphurous  acids  with  which  conmion  mu- 
riatic acid  is  often  contaminated:  for,  if  I  had  emplovcd  in 
my  rei'earches  rectified  acids,  it  is  evident  that  my  refulis 
could  not  be  applied  but  with  reftri^fion  to  operations  on 
platina  on  a  large  fcale,  in  which  cafe  it  will  alwavs  be  ne- 
ceiTarv  to  employ  the  acids  of  commerce. 

ExpcT,  I.  One  pound  of  nitro-muriatic  acid,  compofed  of 
8  ounces  of  nitric  acid  and 
8  ounces  of  muriatic  acid, 
difiiblved  13  drams  of  platina  out  of  24  which  I  emploved, 
Exper.  II.  Nitro-muriatic  acid,  compofed  of 
8  ounces  of  nitric  acid  and 
10  ounces  of  muriatic  acid, 
diffolved  15  drams  of  platina. 

Exper,  HI.  An  acid,  compofed  of 

4  ounces  of  nitric  acid  arid 

IQ  ounces  of  nuiriatic  acid, 

diflblvcd  17  drams  and  54  grains  of  platina. 

Exfor, 
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Exper,  IV.  An  acid,  compoferl  of 

2  ounces  of  nif  ic  acid  and 

14  ounces  of  muriatic  acid, 

diffolved  13  drams  ai?d  38  LH'ains  of  platina. 

Thcfe  four  experiments  were  made  at  the  fame  degree  of 
heat ;  that  is  to  fay,  in  four  retorts,  difpofed  according  to 
mv  mode  on  wire  grates,  and  placed  on  a  furnace.  That  the 
refults  may  be  more  eafily  compared,  I  (hail  here  give  them 
in  the  followino;  table : 


a. 

JBhck  cruel, 
i     [ilatina. 

Nitric  acid 
of  3  -.0 

Muriatic 
acid  of  1 ;° 

Platina  diflblved. 

I, 

'  6  rnmccs 

8  ounces     8  ouncesii3  drams 

II. 

6  ounces 

6  ounces  ^10  ounces  15  drams  24  grains 

III. 

6  ounces 

4  ounces  ;i2  ounces  17  drams  54  grains 

1                        "" 

IV. 

6  ounces 

2  ounces  14  ounces 

13  drams  38  grains 

Let  us  now  fee  the  confequences  which  may  be  deduced 
from  this  table 

I  ft.  In  the  three  firft  experiments  it  is  obferved  that  the 
quantity  of  plaiina  dilTolved  increafes  in  proportion  to  that  of 
the  muriatic  acid,  from  which  it  relults  that  this  acid  is  the 
real  folvent  of  platina. 

2d,  If  we  fuppofe  that  the  twelve  ounces  of  muriatic  acid, 
found  in  the  four  ounces  of  nitric  acid  the  quantity  of  oxy- 
gen neceffary  for  diirolving  the  platina,  it  is  feen  that  a  con- 
liderable  excefs  of  the  latter  was  ufelefsly  expended  in  the 
two  preceding  experiments  ;  that  is  to  fay,  4  ounces  too 
much  in  the  firft,  and  2  in  the  fecond  ;  and,  by  the  fame 
reafon,  the  tolutions  of  the  firft  and  fecond  experiments  were 
more  acid  than  thofe  of  the  third  and  fourth. 

^6,  Acids,  tlie  ftrength  of  which  is  in  a  fimilar  proportion, 
or  nearly  three  parts  of  muriatic  acid  for  one  of  nitric  acid, 
muft  form  the  propereft  proportion  for  diftolving  crude  pla- 
tina, and  confequentlv  purified  platina. 

4th,  The  fourth  experiment  proves  to  us  that  the  nitric 
acid,  which  was  in  the  proportion  of  only  i-7th  of  the  mu- 
riatic a<id,  was  not  able  to  furnifh  to  the  latter  the  quantity 
of  oxygen  necelTarv  to  make  it  charge  itfelf  with  all  the  pla- 
tina which  it  ought  to  diifolve;  hence  it  refults,  that  in  tliis 
laft  proportion  there  is  a  lefs  folutiou  of  platina,  and  a  lofs 
of  muriatic  acid. 

5'b^  As 
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5th,  As  the  muriatic  acid  conftitutes  the  ftrongeft  part  of 
the  folvent  of  crude  platina,  in  the  commencement  of  the 
labour  care  muftbe  taken  that  the  heat  does  not  attain  to  the 
point  of  ebulhtion ;  becaufe,  lit,  At  that  temperature  the 
muriatic  acid  eaiily  acquires  aeriform  expanlion;  2d,  The 
tendency  which  it  has  to  fcparate  itfelf  from  the  mixture  is 
ftill  itronger  when  it  begins  to  be  oxygenated.  From  what 
I  have  obferved,  the  folution  ouoht  never  to  begin  at  a  heat 
fuperior  to  60  or  70  degrees  of  Reaumur  (135'  to  J57'  Fahr.), 
and  it  is  then  efifecfed,  without  lofs  of  acid,  with  all  the  ra- 
pidity poffible.  In  a  word,  the  liquor  ought  not  to  be  boiled 
till  the  efFervefcence  decreafts. 

The  five  confequences  which  we  have  here  deduced,  and 
which  are  nothing  but  the  refult  of  the  fame  experiments^, 
give  us  the  true  principles  of  the  art  of  diffolving  platina. 

If  we  now  compare  the  proportion  of  platina  with  the 
nitro-muriatic  acid,  we  fhall  find  that  the  quantity  diiiolved 
rifes  fomcwhat  above  the  cio;hth  part  of  the  weight  of  the 
folvent.  This  proportion,  however,  is  fubjedt  to  fonie  varia- 
tion; for  the  fame  acid  employed  in  fimilar  circumftances 
diflblves  fometimes  a  lefs  quaiitity,  though  in  general  it  de- 
viates very  little  from  this  proportion. 

XV.    On  the  Utility  ivhich  may  he  derived  from  the  Vroducls 

of  this  Difillation. 

In  operations  on  a  large  fcale,  ceconomy  being;  one  of  the 
moft  important  objects,  it  may  be  readily  conceived  that  the 
acid  producls  in  queftion  ought  to  be  carefully  collecled,  and 
that  the  concentration  fhoukl  be  carried  as  far  as  poffible  to 
increafe  thefe  produfts;  for  the  expenfe  of  thefe  folutions  will 
be  fo  much  more  moderate,  if  the  fame  quantity  of  iicids  can 
be  employed  for  a  greater  quantity  of  platina.  That  I  miiiht 
be  better  enabled  to  afcertain  the  advantages  in  this  refpe6i, 
I  made  the  following  experiment : 

I  diftilled,  to  the  confiftencc  of  concrete  honey,  a  folution 
iimilar  to  that  of  the  third  experiment,  the  product  of  which 
I  carefully  collected  ;  and  by  thefe  means  I  was  enabled  to 
obferve  in  this  operation  three  different  periods. 

In  the  firji  the  diilillation,  which  began  at  a  heat  of  nearly 
70  degrees  (or  about  150'  Fahr.),  was  accompamed  v.ith 
effervefcence  and  a  difeno'agemcnt  of  nitrous  oas,  which,  as 
Lavoifier  obferves,  deferves  to  be  examined,  and  elpccially 
the  moment  when  the  oxide  of  azote  or  azotic  oxide  manifeits 
itfelf. 

In  iht  fecond period,  the  effervefcence  was  followed  by  ebul- 
lition; and  here  no  nitrous  gas  was  diilinguiflied  3  aweakco- 

lourlefs 
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iourlefs  acid  only  is  fecn  to  rife,  while  the  folution  makes  no 
other  progrefs  than  that  of  approaching  towards  concentra- 
tion. 

When  the  heat  liad  made  the  jirreater  part  of  the  fuper- 
flnous  liquids  pafs  over  into  the  receiver,  the  nitrous  gas 
cigain  fliowed  itfelf;  ;uTd  it  appeared  to  me  at  this  third pe- 
nod,  that  the  portion  of  the  free  acids^  which  had  attained  to 
a  certain  degree  of  concentration,  exercifed  a  rea<fti()n  on  the 
crude  platina.  But  I  foon  perceived  tiiat  f  coidd  not  depend 
on  this  advantno-e ;  for,  after  havins'-  dihited  in  water  the 
fahne  mafs,  to  feparate  tlie  excefs  of  the  crude  phiiina,  I 
found  that  the  pound  of  nitro-muriatic  acid  had  dillohed 
only  i6  drams  and  12  grains  of  platina;  a  quantity  which 
difit'rs  hy  more  than  a  dram  from  that  of  the  third  experi- 
ment :  but  notwithllanding  this  variation,  it  is  not,  as  I  have 
faidj  an  eighth  above  the  other. 

The  nitrous  gas  of  this  third  period  gives  us  reafon  to 
believe  that  it  docs  not  differ  in  its  origin  from  that  obferved 
in  the  concentration  of  metallic  nitrates,  when  the  latter  ap- 
proach condenfation.  The  aujimentation  of  heat,  therefore, 
oulv  decompofes  a  remainder  of  the  nitric  acid,  from  which 
the  red  vapours  in  queflion  refult. 

Let  us  now  return  to  the  diftillation.  The  liquor  found  in 
the  receiver  weighed  10  ounces  and  i  dram  :  it  had  no  co- 
hmr,  and  by  the  areometer  indicated  only  g  decrees;  while 
the  nitro-muriatic  acid,  which  had  produced  it,  indicated  22 
before  it  was  employed.  The  liquor  is  fometimes  feen  llightly 
coloured,  though  the  operation  may  have  been  conducfed 
with  the  ufual  precautions ;  becaufe  the  movement  of  the 
ebullition  is  no  doubt  fufficient  to  throw  a  few  drops  of  the 
folution  into  the  iiLck  of  the  retort.  Thij^,  on  the  whole,  is 
only  a  little  platina,  as  is  indicated  at  the  moment  by  the 
cinnamon-coloured  precipitate,  occafioned  by  the  hvdro- 
fulphurated  water.  Thefe  acid  produ6ls  have  no  feuiible 
aftion  on  the  platina ;  but,  to  know  tlie  advantage  which 
ought  to  be  taken  of  them,  I  divided  them  into  two  parts, 
of  live  ounces  and  half  a  dram  each. 

I  added  to  one  of  thefe  parts  2  ounces  of  muriatic  acid, 
to  the  other  an  equal  quamitv  of  nitric  acid;  and  thefe  two 
new  mixtures  were  treated,  as  ufual,  with  three  ounces  of  the 
fame  crude  platina. 

The  firfl  diflblved  4  drams  and  16  grains  of  platina,  which 
would  have  approached  8'-  drams  if  I  had  employed  the 
10  ounces  and  i  dram  of  the  product  with  the  addition  of 
4  ounces  of  muriatic  acid. 

The  fecond  could  difiblve  only  48  grains,  that  is  to  fay, 

I  dram 
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I  dram  and  24  grains,  had  I  employed  the  fame  product 
with  the  addition  of  4  ounce?  of  nitric  acid.  Let  us  now 
examine  the  confequences  which  may  be  deduced  from  thefe 
refults. 

If  we  fuppofe  that  the  fird  mixture  could  diff)lve  8  drams 
and  a  half  of  piatina, the  muriatic  acid  added  mull  have  found 
a  fuflicicnt  quantity  of  nitric  acid  to  oxygenate  it;  but  4  ounces 
of  my  muriatic  acid  not  being  able  to  diffoive  fo  Ihong  a 
dofe  of  piatina,  it  thence  follows  that,  in  the  total  product  of 
the  didillatioii,  there  muft  have  been  prefcnt  two  ounces,  at 
leail,  of  the  lame  acid.  Since  12  ounces  of  muriatic  acid 
were  indeed  employed  in  the  third  experiment  to  diflblve 
17  drams  of  piatina,  it  is  evident  that  to  diflblve  the  half  of 
this  quantity,  or  8^  drams,  6  ounces  of  the  fame  acid  w^ouid 
have  been  required  :  and  f^nce  we  had  in  the  receiver  thic 
quantity  of  2  ounces  of  muriatic  acid,  there  is  no  doubt  that 
there  remained  in  the  retort  about  10:  in  a  word,  that  thele 
10  ounces  of  acid  at  15  degrees,  ftrengthened  by  the  oxygen 
of  the  nitric  acid,  can  only  dillbive  16  or  17  drams  of  black 
crude  piatina. 

Let  us  now  proceed  to  a  valuation  of  the  nitric  acid  which 
might  be  contained  in  tlie  product  of  our  diltillation. 

It  is  feeii  hy  the  third  experiment  that  12  ounces  of  mu- 
riatic acid  require  not  leis  than  4  (ounces  of  nitric  acid  to 
enable  it  to  dilTolve  17  drams  of  piatina.  There  were  there- 
fore 2  ounces  at  leaft  in  the  product  of  our  diltillation,  fince, 
with  the  alniiauc^e  of  4oimces  of  muriatic  acid  added,  it  could 
have  dilfolved  8^-  drams  of  piatina,  or  the  half  of  17. 

It  thence  Uillows,  that  there  oafs  into  the  receiver,  durinor 
the  whole  courfe  of  the  di ft iliation  made  with  the  propor- 
tions of  the  third  experiment,  nearly  2  ounces  of  nitric  acid 
at  35^,   and   an  equal  quantity  of  muriatic  at  15",  diluted  in 
6  ounces  i   dram  of  water ;  which  quanlitieSj  united,  form 
the   prodiift,  btingr  10  ounces   i  dram.      it   thence  refults 
alf),  that  :he  17  drams  were  really  diflblvcd  by  10  ounces  of 
muriatic  acid,  oxvcrenated  bv  the  decompoiition  i;f  only  2  out 
of  the  4  oances  of  nitric  acid  employed.     Should  it  however 
be  alked,  on  feeing  this  cltimate,   why  16  or  17  dram.s  of 
piatina  could  not  be  dilTolved  in  a  mixture  of  10  ounces  of 
muriatic  acid  and  2  ounces  of  nitric  acid  ?  we  reply,  that  the 
heat   necelTarv  to  adift  the  action  of  this  fi>lvcnt  may  have 
foon  changed  the  proportions  of  the  compofition  of  the  acid, 
as  in  the  experiment  we  have  analyfed. 

In  rcoard  to  the  fw^'^l  acid,  formed   by  the  produ6l  of  the 
diftiilation,  it  is  certain  that  it  contains  a  fufticient  quantity 

n 
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of  nitric  acid  to  oxygenate  the  %  ounces  of  muriatic  acid 
which  we  found  in  it :  bat  the  great  quantity  of  water  in 
which  thev  are  diluted  deftroys  all  their  aftion;  and  if  the 
addition  of  4  ounces  of  nitric  acid  reftores  to  them  fome 
ftrength,  it  is  only,  in  all  probabilit)',  becaufe  that  quantity 
of  acid  augments,  to  a  certain  degree,  the  concentration  of 
the  muriatic  acid. 

From  thefe  data  let  us  try  to  determine  what  is  the  largeft 
quantity  of  platina  that  can  be  diflblved  in  nitro-muriatic  acid 
prepared  according  to  the  proportions  above  indicated. 

To  diflblve  firft  the  17  drams  and  54  grains,  and  then  the 
8  drams  and  32  grains,  making  together  26  drams  and  14 
grains,  we  employed  12  ounces  of  muriatic  acid  and  4  of 
nitric  acid,  and  afterwards  4  ounces  of  the  former,  that  is  to 
fay,  20  ounces  of  mixture  in  the  whole.  Calculation  (Ijow^s, 
neglecting  the  14  grains  of  platina,  more  or  lefs,  that  only 
5  pounds  II  ounctiS  *  of  nitro-muriatic  acid  are  requifite  to 
diilolve  a  pound  of  black  crude  platina,  which  is  that  I  em- 
ployed in  thefe  experiments.  If  we  confult  the  chemifts,  we 
ihall  find  that  the  greater  part  of  them  have  fixed  at  16  parts 
the  quantity  of  nitro-muriatic  acid  which  muft  be  employed 
to  diffolye  one  of  platina.  If  I  am  not  miftaken,  Lewis  and 
count  Sickingen  were  the  only  perfons  able  to  diflblve  it  with 
8  parts  of  folvent.  But  they  were  obliged  to  perform  two 
operations  to  dilTolve  that  quantity.  White  crude  platina  is 
the  kind  mod  ioluble;  for  I  tind,  in  a  note,  that  a  pound  of 
nitro-muriatic  acid,  comnofed  according  to  the  proportions 
indicated,  diiTolved  18  drams  and  24  grains. 

XVI.   Solution  of  Platiria  by  the  Means  of  a  Kitro-mnriath 
Acid  compofed  of  Nitric  Acidf  cit  ^l°  and  Marine  Salt. 

Bergman  found  that  an  acid  compofed  in  this  manner  dif- 
folved  platina  exceedingly  well.  It  will  be  feen  bv  the  fol- 
lowing experiments  that,  in  an  operation  on  a  great  fcale, 
this  folvent  may  be  preferred  to  thofe  compofed  w  ith  pure 
acids.  To  be  able  to  difcover  the  moft  advantageous  pro- 
portion of  acid  and  lalt,  I  made  a  feries  of  experiments,  but 
i  fliall  give  an  account  of  thofe  only  which  can  throw  light 
on  folutions  of  this  nature.  As  the  method  of  employing 
this  kind  of  nitro-muriatic   acid  is  not  ditferent  from  that 

'-'■'  Wc  are  here,  no  doubt,  to  underfland  the  Spanifti  pound,  which  is 
nearly  a  fL-ventcenth  Icfb  than  the  French  pound  ;  but  as  it  is  divided  into 
16  ounces,  or  12S  drams  of  72  gra'ns,  the  proportions  remain  the  Panae. 

+  The  degrees  here  mentioncc^  are  thofe  of  Baurtse's,  areometer  5  -3  x^ 
indicotv  a  fpecitiC  graviiv  of  i"2  7<^- 

followed 
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followed  by  others,  I  fhall  immediately  proceed  to  a  compa- 
rative table  of  the  refatts  : 


Black  crude 
;  atina. 

Nitric  acid 
at  330 

Alarijie 
fait. 

■ 
Platina  diflblvcd. 

I. 

6  ounces 

6ounces'6  ounces 

20  drams  48  grains 

II. 

6  ounces  16  ounces;  7  ounces 

i                 1 ' 

24  drams  12  grains 

III. 

6  ounces  \6  ounces  8  onnces 

21  drams  52  grains 

IV. 

6  ounces  ii6  ounces  q  ounces 

21  drams  36  grains 

As  the  rerult  of  No.  2.  appeared  to  me  the  moft  important, 
I  thought  it  mv  dutv  to  repeat  it,  and  I  obtained  24  drams 
16  grains  of  diirolved  platina. 

In  No.  4.  there  was  an  excefs  of  fea  fait,  which  had  at- 
tached iifelf  to  what  remained  of  the  crude  platina. 

I  made  my  experiments  with  purified  marine  fait;  but  as 
in  operations  on  a  large  icale  the  common  kind  is  employed, 
I  repeated  them  with  common  fait,  and  found  the  fame  re- 
fults  in  equal  quantities  of  the  folvent ;  with  the  fame  varia- 
tion, however,  in  the  quantity  of  the  platina  diflblved,  which 
might  have  been  remarked  in  the  operation  performed  with 
the  acids.  I  repeated  alfo  the  fame  trials,  making  fome 
chano-es  in  the  two  laft  columns  : 


J- 

3!ack  crude 
platina. 

1 

Acid  at 

Common 

Ht 

Platina  dilTolved. 

I. 

6  ounces 

16  ounces 

6  ounces 

20  drams 

II. 

6  ounces 

16  ounces 

8  ounces 

22  drams 

III. 

6  ounces 

16  ounces 

10  ounces 

20  drams 

IV. 

6  ounces 

16  ounces 

T2  ounces 

19  drams 

An  excefs  of  marine  fait  v.a-  found  here  alfo  in  Nos.  3  and  4, 
It  is  feen  by  thefe  two  tables,  that  the  quantitv  of  platina 
diffblved  experiences  a  diminution  whether  the  proportion  of 
7  ounces  of  fait  per  pound  of  acid  be  mcreafed  o;-  dinunilhed. 
it  however  appears,  that  in  the  experiments  wh?re  more  than 
7  ounces  weie  einplovecl,  the  quantity  of  platina  dilTolved 
ought  to  have  been,  if  not  greater,  at  leait  equal ;  fince  the 

nitrie 
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nitric  acid  ought  to  have  difengaged  and  oxygenated  the  fame 
quantity  of  muriatic  acid.  I  confefs  that  1  cannot  conceive 
how  an  cxcefs  of  marine  fait  or  nitrate  of  foda,  found  in  the 
mixture,  could  prevent  the  folution  of  a  greater  quantity  oi 
crude  platina,  unlefs  the  explanation  of  this  phasnomenon 
be  found  in  an  obfervation  I  fhall  here  make,  or  my  occu- 
pations allow  me  to  undertake  new  refearches  on  this  fabje6t. 
The  obfervation  I  allude  to  is  as  follows :  The  refiduum 
of  all  the  folutions,  that  is  to  fay,  the  remaining  crude  pla- 
tina, exhibits  an  afpe6l  very  different  from  that  ot  the  refi- 
duums  left  by  nitro- muriatic  acid  compofed  of  free  acids, 
[The  author  promifes  a  continuation  of  thefe  experiments.] 


XX.   On  the  Analxfis  of  Wine,     By  C.  Chaptal*. 


I 


N  all.  \vines  we  diftinguiOi  an  acid,  alcohol,  tartar,  ex- 
tractive matter,  aroma,  and  a  colouring  principle;  the  whole 
diluted  or  diffolved  in  a  portion  of  water  more  or  lefs  abun- 
dant. 

I  ft.  Acid. — An  acid  exifls  in  all  wines  ;  T  never  found  anv 
which  did  not  prefent  feme  traces  of  it.  The  fweeted  and 
moil  lufcious  wines  redden  teft  paper,  if  fuffered  to  remain  in 
them  for  fome  time ;  but  they  are  not  all  acid  in  the  fame 
decrree.  There  are  Ibrne  the  principal  chara6lcr  of  which  is 
a  natural  aciditv.  Thofe  made  from  grapes  not  perfeCllv 
ripe,  or  produced  in  cold  climates,  are  of  this  fort;  while 
thofe  produced  bv  the  fermentation  of  very  ripe  and  faccha-. 
rine  grapes  exhibit  very  little  acid.  The  acid,  then,  appears 
to  be  in  the  inverfe  ratio  of  the  alcohol,  which  i^  the  refult 
of  the  decompolition  of  the  fugar. 

This  acid  exifls  in  great  abundance  in  verjuice;  and  is  found 
in  muft,  though  in  a  fmaller  quantity.  All  fermented  liquors, 
fuch  as  cyder,  perrv,  and  beer,  as  well  as  fermented  farina- 
ceous fubtiances,  alfo  contain  this  acid:  and  1  have  found  it 
even  in  moialTes.  Indeed  it  is  to  faturate  it  completely,  that 
lime,  aflies,  or  other  earthy  or  alkaline  bafes,  are  obliged  to 
be  employed  in  the  purification  of  fugar.  Without  this  pre- 
caution, tlie  exiftence  of  the  acid  would  oppofe  the  cryital- 
bzation  of  the  fngar. 

If  wine  be  concenlrafcd  by  diftillalion,  the  extraft  which 
refuits  from  it  in  general  has  a  four  and  pungent  tafte.  To 
dilTolve  and  feparate  the  acid,  nothing  is  neceirarv  but  to  pour 
water  or  alcohol  over  the  extraft.     This  acid  has  a  pungent 


'^  From  the  AnnaUs  de  Cbimie,  No.  109. 
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tade,  an  odour  (lightly  empyreumatic,  leaves  a  fenfalion  of 
harfhneis  on  the  tongue,  &c.  When  well  filtered  and  left 
in  a  jar,  it  fafters  to  [;e  precipitated  a  conliderable  quantity 
of  extraj^ive  matter.  It  then  becomes  covered  with  mouldi- 
nefs,  and  in  that  itate  feems  to  approach  the  acetous  acid. 
It  may  be  purified  by  diftillation,  which  feparates  from  it 
a  large  quantity  of  extractive  matter;  and  it  is  then  lefs 
liable  to  be  decompofed  by  putrefaction. 

This  acid  precipitates  the  carbonic  acid  from  its  combina- 
tions:  it  diiTolves  with  facility  the  greater  part  of  the  me- 
tallic oxides :  it  forms  infolubie  falts  with  lead,  lilver,  and 
mercury ;  and  feparates  the  metals  from  all  their  folutions  in 
acids. 

This  acid  forms  alfo  an  infolubie  fait  with  lime.  If  abun- 
dance of  lime  water  be  mixed  with  wine,  it  precipitates  the 
acid,  which  carries  with  it  all  the  colouring  matter.  This 
acid,  then,  is  of  the  nature  of  the  malic  acid.  It  is  always 
mixed  with  a  little  of  the  citric  acid ;  for,  when  digefted  on 
oxide  of  lead,  befides  the  infolubie  precipitate  which  is  formed, 
there  is  produced  a  citrate,  which  may  be  fhown  in  it  by  the 
common  means. 

This  malic  acid  disappears  by  the  acetification  of  the  wine  .*. 
in  well  made  vinegar,  nothing  exifts  but  acetous  acid.  This 
transformation  of  the  malic  acid  into  acetous  acid  naturally 
explains  why  wine  which  has  only  begun  to  turn  four  can- 
not be  employed  in  manufa6ruring  acetite  of  lead :  in  this 
cafe  there  is  formed  an  infolubie  precipitate,  with  the  pro- 
<lu(9:ion  of  which  I  was  greatly  embarralTed  till  I  learned 
the  renfon  of  it.  For  a  long  time,  C.  Berard,  my  affociatc 
in  mv  manufa<9:ory  of  chemical  productions,  added  nitric 
acid  to  four  Vvine  to  give  it  the  property  ot  forming  a  foluble 
fait  with  lead.  I  was  then  of  opinion  that  the  acid  of  wine 
was  bv  thefe  means  oxygenated,  while  the  effect  really  pro- 
duced was  to  haften  the  decompoiition  and  converfion  of  the 
malic  acid  into  vinegar. 

The  exiftence  of  the  malic  acid  in  wine  in  different  propor- 
tions, ferves  to  throw  fome  light  on  a  phaenomenon  of  the 
higheft  importance  in  regard  to  the  diitillation  of  wines,  and 
the  nature  of  the  fpirit  produced  from  them.  Everybody 
knows,  not  only  that  all  wines  do  not  give  the  fame  quantity 
of  fpirit,  but  that  the  fpirits  produced  from  them  are  far  from 
being  of  the  fame  qu:ility.  No  one  is  ignorant  that  beer, 
cyder,  perrv,  and  fermented  farinaceous  fubftances,  give  little 
fpirit,  and  always  of  a  bad  quality.  Careful  and  repeated 
diftillation  may,  indeed,  correcl:  thefe  faults  in  a  certain  de- 
gree, but  never  deltrov  them   completely.     Thefe  conftant 
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refuItSj  eftablldied  by  long  experience,  have  been  referred  t9= 
tlie  greater  quantity  of  extraftive  matter  contained  in  thele 
Aveak  fpiritous  liquors  :  the  combuftionof  a  part  of  tliis  prin- 
ciple by  didrllation,  ought,  it  would  appear,  to  be  an  imme- 
diate effciSl  of  it,  and  the  acrid  and  empyreumatic  talle,  a 
very  natural  conlequcnce.  But,  when  I  examined  this  phfe- 
nomenon  more  cloiely,  I  found  that,  befides  the  caufcs  de- 
pending on  the  abundance  of  this  extra<3:ive  principle,  it  was 
necellkrv  to  admit  another,  viz.  the  prefence  of  the  malic 
acid  in  almoft  all  thefe  cafes.  Having  diililled  indeed,  with 
great  care,  thefe  different  fpiritous  liquo-rs,  I  always  obtained 
acidulous  fpirits,  the  taite  of  which  was  altered  by  that  cflbn- 
tiailv  belontrintr  to  the  malic  acid  :  it  is  only  by  confininof 
one's  felf  to  extrafting  the  moil  volatile  liquor,  that  it  is  pol- 
tible  to  I'cparate  a  little  alcohol  free  from  all  alteration ;  and 
ftill  it  retains  a  difiort'eable  odour,  which  does  not  belong;  to 
pure  fpirit. 

Wines  which  contain  the  greatcft  quantity  of  malic  acid 
give  fpirits  of  the  worft  qualities.  It  even  appears  that  the 
quantity  of  alcohol  is  lefs,  as  the  quantity  af  the  acid  is  more 
confidcrable.  \^  this  acid  be  laid  hold  of  by  means  of  lime 
water,  chalk,  or  fixed  alkali,  verv  little  alcohol  can  be  ob- 
tained by  diftillation  :  and  in  all  thefe  cafes  the  fpirit  aflhmes 
a  difagreeable  talte  of  the  fire,  which  does  not  contribute  ta 
improve  the  quality. 

'J'he  difference  of  the  fpirits  arifing  from  the  diftillation  of 
different  kinds  of  wine  depends  then,  chiefly,  on  the  different 
proportions  in  which  the  malic  acid  is  contained  in  thefe 
wines;  and  no  certain  means  have  yet  been  obtained  of  de- 
ilroving  tlie  bad  effect  which  this  acid  produces  by  its  mix- 
ture with  the  fpirit. 

This  acid,  which  wc  have  found  in  grapes  at  every  period 
of  their  increafe,  and  whicli  does  not  difappear  from  wine 
till  the  moment  when  it  dcirenerales  completely  into  vinegar, 
v.ould  deferve  to  be  diftinguiil).cd  bv  the  nan>e  of  tli^  vhvjKs 
add;  but,  to  avoid  innovation,  we  Ihall  retain  that  of  the 
malic  acid. 

zd,  Alcohol. — Alcohol  form?  the  real  chara^er  of  v;ine. 
It  is  the  product  of  the  decompofition  of  the  fugar,  and  the 
quantity  of  it  is  always  in  proportion  to^  that  of  the  fugar 
which  has  been  decompo-fed^^. 

Alcohol  J. 

''^  I  (hall  nor  enter  into  the  q;-iicftioi>,  whether  a'cohot  is  completely 
formed  in  wine,  or  whether  it  is  a  product  of  iliitillation  ;  or,  in  other 
v.oidsjthe  rei'ultof  fermentation  or  of  diUilJp.tion.  Fabroni  has  adopted  the 
latter  fentiinent;  becaivfe,  hxiving  mixed  a  hundredth  part  of  alcohol  with 

new 
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Alcohol,  then,  is  more  or  lefs  abundant  in  all  wines.  Thofe 
of  warm  climates  furnifh  a  great  deal ;  thofe  o'(  cold  cliiv.atcs 
jrive  fcarcelv  any  at  all.  Ripe  and  laccharine  grapes  produce 
It  in  abundance;  while  the  wines  ariiing  from  green  aqueous 
grapes,  which  contain  little  of  the  faccharine  principle,  aftbrd 
verv  little. 

There  are  fome  wines  in  the  fouth  which  furnifli  a  third  of 
fpirit :  there  are  feverai  in  the  north  which  contain  only  a 
fifteenth. 

It  is  the  proportion  o^  alcohol  that  renders  wines  more  or 

new  wine,  he  was  only  able  to  fep-arate,  b^'  means  of  potafli,  the  fame 
quantity  of  alcohol.  But  this  experiment  appears  to  me  to  prove  at  molt 
that  the  foreitjn  alcohol  aiidcd  to  the  wine  does  not  enter  into  fo  cxa6t  a 
combination  as  that  which  exifts  natural Iv  there  :  it  remains  in  the  ftate  of 
fimplc  mixture.  We  ob'erve  a  limilar  phaiP.omenon  when  highly  concen- 
trated alcohol  is  diluted  by  the  addiiion  of  a  greater  o-  lef^  4uantity  of 
water;  for  it  is  known  in  commerce  that  this  weakened  alcohol  has  not 
the  fame  tafte,  which  marks,  however,  the  fame  degree  ot  fpiritofity.  I 
confider  alcohol,  then,  in  v.ine  not  as  exiting  there  in  an  inluhred  ftate, 
and  difengaged  from  all  combination,  but  as  combined  with  the  colouring 
principle,  carbon,  alkali,  extractive  matter,  and  all  the  other  coniticuent 
principles  of  wine:  fo  that  wine  is  a  fuper-compounded  whole,  all  the  ele- 
ments or  which  mav  be  extra£)^ed  by  chemical  means;  and  when,  by  the 
application  of  heat,  thcfe  principles  are  feparatcd,  the  molt  volatile  rife 
nrft,  and  what  firft  palTes  is  a  very  light  co:iipound,  forming  alcohol,  then 
water,  &c. 

Difrillation,  by  fucceffivelv  extracting  all  the  principles  of  wine,  accord- 
ing to  the  invarial^le  laws  of  their  gravitv  and  of  their  affinities,  breaks 
and  deftrovs  the  primitive  comi)inatio:i  which  conftitutes  wine,  and  ex- 
hibits products  which,  when  united  agriin,  cannot  reproduce  the  primitive 
body,  becaufe  the  heat  has  entirely  difunited  and  feparated  the  compound 
into  principles  which  mav  exift  in  an  infuiated  ftate,  and  which  have- 
fcarcelv  any  affinitv. 

In  a  word,  it  is  of  little  importance  to  art  whether  the  alcohol  exifts  or 
does  not  exift  in  wine  ;  the  diftiiicr  ftii!  has  invariable  principles  both  in 
regard  to  the  qualitv  and  to  the  quantity  of  alcohol  which  each  kind  of 
wine  can  furnifh.  Whether  the  heat,  therefore,  combines  the  principles 
of  the  alcohol,  or  merely  extracts  them  from  a  mafs  where  thev  are  com- 
bined, the  manner  of  operating  and  the  refults  of  the  operation  can  re- 
ceive from  them  no  modification.  We  fee  in  the  difrillation  of  all  vege- 
table matters,  and  their  produc^ts,  a  repLtition  of  the  phasnomena  exhibited 
by  the  diftillation  of  wine. 

Diftillarion  by  heat  is  ncjt  the  only  means  of  extrafting  the  alcohol  fron^ 
wine,  id,  The  carbonic  acid  gas  which  is  diilngaged  bv  fermentation 
carries  with  it,  and  in  n  (tate  of  folution,  a  very  confiderable  tjuantity  df 
alcohol,  as  I  have  already  Ihown.  z^\.  The  gas  wh'ch  efcapes  from 
champagne  carries  otF  almoft  all  the  alcohol  contained  in  that  wine. 
3d,  Very  fpiritous  w^nes,  when  fh  iken  in  the  bottle,  fuftcr  to  efcape  a 
very  fenlible  flavour  of  alcohol.  4th,  The  wines  which  furnifh  moil  fpirit 
are  thought  to  be  moll  fpiritous  to  the  tafte.  All  thele  fa6ts  cannot  be  re- 
conciled with  the  hypothcfis  of  the  formation  of  alcohol  by  difuilarion,and 
fcem  to  prove  that  it  exifts  quite  formed  in  the  wine. 

The  reader  on  this  imponant  fubjedt  may  rcrur  to  the  opinion  of  Four- 
feroy,  publilhed  in  A/:?ia!cs  cic  Ck'imu'. 

I  z  lefs 
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lefs  generous ;  It  is  it  which  difpofes  them  to,  or  prefeTves 
them  from,  acid  degeneration.  Wine  turns  four  with  more 
facility  the  lefs  alcohol  it  contains,  the  proportion  of  extrac- 
tive matter  being  fuppofed  to  be  the  fame  in  both. 

The  richer  wine  is  in  fpirit,  the  lefs  it  contains  of  malic 
acid ;  and  this  is  the  reafon  why  the  beft  wines  furnifh,  in 
general,  the  beft  fpirit,  becaufe  they  are  then  freed  from  the 
prefence  of  that  acid  which  gives  them  their  difagreeable 
tafte. 

It  is  by  diftilling  wines  that  all  the  alcohol  they  contain 
is  extraft'ed. 

The  diftillation  of  wine  has  been  known  for  feveral  cen- 
turies ;  but  this  operation  has  been  fucceffively  improved,  and 
at  prefent  has  been  brought  to  ilich  a  flate  of  perfecStion,  that 
the  fpirit  trade  muft  derive  great  benefit  from  it,  and  that  the 
procefs  may  be  applied  with  advantage  to  every  other  kind  of 
diftillation.  The  alembics  long  ufed  for  diftilling  were 
boilers  with  a  long  narrow  cylindric  neck,  having  at  the 
fummit  a  hollow  hemifphere,  from  which  proceeded  a  tube, 
of  no  great  fize,  deftined  to  convey  the  liquor  into  the  worm. 
Arnold  de  Villanova  feems  to  have  been  the  firft  who  gave 
us  any  accurate  notions  in  regard  to  the  diftillation  of  wines ; 
and  to  him  we  are  indebted  for  the  firft  defcription  of  this 
long-necked  alembic,  models  of  which  are  ftill  found  among 
o\ir  perfumers. 

The  idea  entertained,  that  the  produ6l  of  the  diftillation 
was  the  more  delicate,  fubtile,  and  pure,  as  it  was  raifed 
higher,  by  making  it  pafs  through  very  fmall  tubes,  directed 
the  conftru6lion  of  thefe  ftills.  But  diftillers  were  foon  con« 
vinced  that  it  was  not  fo  much  the  obftacles  oppofed  to  the 
afcent  of  the  vapours  as  the  art  of  graduating  the  heat  in  a 
proper  manner,  which  rendered  the  produ6l  of  the  diftillatioas 
more  or  lefs  pure.  It  has  been  found  that,  in  the  firft  cafe, 
the  force  of  the  fire  changes  the  nature  of  the  fpiritous  prin- 
ciples by  communicating  to  them  an  empyreumatic  taftc; 
while,  in  the  fecond,  pure  fpirit  arifes,  and  pafles  into  tlie 
worm  without  alteration.  On  the  other  hand,  oeconomy, 
an  important  confideration  in  the  arts,  has  caufed  all  the 
changes  made  in  the  old  procefl'es  to  be  adopted. 

Thus  the  column  perpendicular  to  the  boiler  has  been  fuc- 
ceffively lowered,  the  capital  enlarged,  the  boiler  made  wider, 
and  the  following  general  forms  have  been  gradually  adopted. 
The  ftills,  at  prefent,  are  a  kind  of  flat-bottomed  boilers, 
the  fides  of  which  rife  perpendicularly  to  the  height  of  about 
twenty-two  inches.  At  this  height  a  contra6lion  takes  place, 
which  reduces  the  apertuxe  to  elevea  or  tvyelve  inches.     This 
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iperturc  is  terminated  bv  a  neck  foine  inches  in  length,  in 
which  is  adapted  a  iniall  cover  called  the  head^  which  in- 
creafes  in  diameter  towards  the  upper  part  fo  as  to  have  the 
form  of  a  truncaied  cone  inverted.  From  the  angle  of  the 
bafe  of  this  capital  proceeds  a  fmall  tube  deftined  to  receive 
the  vapour  of  the  fpirit,  and  to  tranlmit  it  to  the  worm  with 
which  it  is  connL(4ed.  The  worm  confifts  of  fix  or  feveti 
circumvolutions,  and  is  placed  in  a  cafk  kept  full  of  water  to 
facihtate  the  condenfation  of  the  vapours :  thefe  vapours, 
when  condenfed,  run  down  into  a  tub  deftined  to  receive 
them. 

The  boilers,  in  general,  are  fixed  in  mafon-work  up  to  the 
part  where  the  contraction  takes  place:  the  bottom  alone  is 
expofed  to  the  immediate  a6lion  of  the  heat.  The  chimney 
is  placed  oppofite  to  the  fire-hole;  and  the  afh-hole,  which, 
is  not  very  large,  is  feparated  from  the  fire-place  by  an  iron 
grate. 

The  boiler  is  charircd  with  five  or  fix  quintals  of  wine.  The 
diftillation  is  completed  in  eioht  or  nine  hours,  and  during 
each  operation  about  fixtv  pounds  of  coals  areconfumed. 

Such  is  the  procefs  which  has  been  long  ufed  in  Langue- 
doc ;  but  though  old,  and  generally  adopted,  it  prefents  im- 
perfections, which  mufi:  ftrike  every  man  acquamted  with 
the  principles  of  difiiillation. 

I  ft,  The  form  of  the  boiler  produces  a  column  of  liquor 
exceedingly  high  and  not  broad,  Vvhich  being  expofed  to  the 
action  of  the  heat  only  by  its  bafe,  is  burnt  in  that  part  be- 
fore the  upper  part  Ijccomes  warm  ;  bubbles  then  rife  from 
the  bottom,  which,  beinq;  obliged  to  traverfe  a  colder  mafs 
of  liquid,  are  condenfed,  and  again  diftblve  in  the  liquor. 
It  is  only  when  the  whole  mafs  has  been  heated  gradually 
that  the  diftillation  is  eftablifhed. 

2d,  The  contraction  at  the  upper  part  of  the  boiler  and 
the  internal  bending  which  it  prefents  in  that  place,  ftill  hurt 
the  diftillation  :  for  this  part,  not  being  covered  by  mafon- 
work^  is  continually  expofed  to  the  air,  which  main  Lams 
there  a  colder  temperature  than  in  other  parts,  fo  that  the 
vapours  which  rife  are  condenfed  partly  againft  the  interior 
furface,  and  fall  down  in  drops,  or  run  back  in  ftriae  into 
the  body  of  the  ftill.  In  this  cafe,  the  fame  thing  happens 
which  we  daily  fee  take  place  in  diftilling  with  a  fand-bath : 
the  vapours  which  rife,  ftrikino-  againft  the  uncovered  furtace 
oi  the  retort,  which  isalwavs  the  coldeft,  are  condenfed,  and 
fall  down  in  ftriae  into  the  bottom  ;  fo  that  the  lame  portion 
of  matter  rifes,  falls  down,  and  is  diililled  feveral  times ; 
which  occafions  lofs  of  time,  expenfe  in  fuel,  and  hurio  the 
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quality  of  the  produft,  which  in  fome  cafes  is  altered  and 
dcconipofcd.  Tb.eic  phsnomena  may  be  rendered  very  fen- 
fible  by  cooling  the  upper  part  of  the  retort  of  the  fand-bath 
at  the  moment  when  the  dillillation  is  moll  active:  the  va- 
pours fucccnivclv  become  vifihlc  in  the  infide,  and  drops  are 
condenfed  on  the  fides,  which  loon  run  down  and  join  the 
liquor  contained  in  the  retort. 

.  Befidcs,  the  contracl:ion  at  the  upper  part  of  the  boiler 
forms  a  kind  of  eolipile,  \\here  the  vapours  cannot  pals  with- 
out difficuliv,  which  necellarily  requires  a  more  confiderable 
force  of  alccufion.  This  fact  has  been  properly  explained  by 
Baumc. 

3d,  1  he  capital  is  not  conflru6ted  in  the  molt  advantageous 
manner:  the  head  acquires  almoft  the  temperature  of  the 
vapours,  which,  being  ftrongly  dilated,  prefs  on  the  liquid 
and  confine  its  afcent. 

4th,  The  method  of  managing  the  fire  is  no  Icfs  improper 
than  the  form  of  the  apparatus  :  the  alh-hole  is  every  wliere 
too  fmall,  the  fire-place  too  large,  the  door  badly  Ihut,  &c. 
fo  that  a  current  of  air  is  eftablilhcd  at  the  door,  and  is  pre- 
cipitated into  the  chimney,  pafling  over  the  coals.  Confe- 
quently,  a  violent  fire  is  required  to  heat  the  boiler  mode- 
rately. The  grate  is  choked  up  with  a  thick  Itratum  of 
combudiblcs,  lb  that  they  become  nearly  ulelefs  for  want  of 
a  free  circulation  of  the  air. 

[  To  be  continued.  ] 


XXT.  Account  of  a  Defcent  into  the  Crater  of  Mou7it  Vcfuvius 
hj  eight  Frenchmen  on  the  Night  hetivecn  the  ihth  and 
igth  of  Jul}'  1 801. 

JL  O  afcend  to  the  fummit  of  mount  Vefuvius,  which  is 
elevated  31^00  feet  above  the  level  of  the  fea,  is  an  enterprife 
oF  great  cliliiculty,  as  it  is  neceifarv  for  nearlv  half  the  heic;ht 
to  climb  an  exceedingly  fteep  declivity  up  to  the  knees  in 
allies.  Some  philofophical  men  of  eminence_,  however,  as 
Spallanzani,  Dolomieu,  Dr.  Moore,  See.  have  overcome  all 
tliefe  ditiicuhies.  Sir  William  Hamilton,  who  caufed  a  great 
many  vieu-s  of  Vefuvius  to  be  dtiigned  during  his  long  refi- 
dence  at  Naj)lcs,  afcended  to  the  fummit  of  it  fixty-two 
times;  but  no  one,  at  leall:  fince  the  eruption  in  1779,  ever 
ventured  to  delcend  into  the  crater  of  this  volcano,  not  even 
Sir  William  Hamilton,  who  confidcred  it  under  fo  many 
points  of  viewj  and  who  viiitcd  it  fo,  many  times.     It  \\  as 
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peFei'ved  for  t'ii>ht  Frenchmen  to  hazard  this  dangerous  enlcr- 
prife,  and  to  Succeed  in  it  conipleulv,  notwithltanding  the 
timidity  of  their  guides,  the  impoliibinty  which  the  Neapo- 
lifans  attached  to  it,  and  the  inftances  they  mentioned  of 
rath  travellers  who  had  loft  their  Hves  in  the  attempt,  and 
been  fwallowed  up  bv  the  volcano. 

To  be  able  to  appreciate  the  danger  of  this  enterprife,  it 
will  be  neceflarv  to  have  a  correct  idea  of  the  form  and  poli- 
tion  of  Veluvias,  and  of  the  matters  which  it  throws  np. 
This  volcano  has  the  form  of  a  truncated  cone,  and  a  part 
of  its  bafe,  which  is  altotreiher  three  leagues  in  circumfer- 
ence, is  waihed  bv  the  INlediierranean  ;  its  mouth,  or  upper 
bafe,  which  is  a  little  inclined  to  the  axis,  is  ^^722  feet  in 
circumference.  The  earth  from  the  bafe  to  halt  the  heiuht 
coniitts  of  vegetable  mould  mixed  with  lava  and  ftones  which 
have  not  been  attacked  bv  the  lire,  tufas,  pmiiice,  and  cal- 
careous ftones,  diti'erent  in  their  nature  and  colour  accordino^ 
to  the  different  degrees  of  imprefiion  which  have  been  made 
on  them  bv  the  fire. 

The  half  of  the  height  next  the  fummit  is  compofed  chieflv 
of  pure  athes,  but  coarfer  than  our  common  aihes.  Till  the 
prefent  time,  there  have  been  twentv-four  eruptions  recorded 
in  hiftory.  The  firtt  took  place  in  the  year  79  after  the 
Chriftian  lera  :  bv  thefe  eruptions  volcanic  matters  have  been 
facceffively  accumulated,  but  by  that  of  1779  the  lituation  of 
the  crater  and  of  the  aperture  was  entirely  changed.  The 
focus  or  crater  is  now  funk  200  feet  below  the  upper  edo;es 
of  the  mouth  of  the  volcano. 

To  arrive  at  the  crater,  and  to  obferve  the  numerous  fpi- 
racles,  lone"  crevices,  and  fires  which  ilTue  from  them  in  fe- 
veral  places,  and  alio  the  variegated  and  Itili  fmoking  matters 
ot  which  the  crater  is  compofed,  it  was  necelfarv  to  pafs  over 
this  fpace  of  200  feet. 

The  inner  lides  of  the  volcano  are  ncarlv  perpendicular,  or 
ex'ceedinoflv  fteep,  and  compofed  of  aflies,  lava,  and  large  cal- 
careous (tones ;  but  ihefe  lava  and  ftones,  as  they  form  no 
connexion  with  the  adies,  cannot  ferve  as  any  point  of  fup- 
port ;  and  when  anv  one  is  fo  imprudent  as  to  adhere  to  this 
kind  of  rock,  the  leaft  motion,  the  leait  difplaccment  of  anv 
part,  makes  the  whole  crumble  to  pieces.  Befides,  from  the 
lummit  of  X'efuvius  to  the  crater,  the  declivitv^,  being  exceed- 
ingly rapid,  cannot  be  traverfed  but  on  all  fours,  and  fufferingr 
yourfelf  to  glide  dov^^n  amidlt  a  torrent  of  aflies  and  lava.  But 
the  moft  dangerous  obftacles  are  thofe  awful  excavations, 
which  cannot  be  pafled  over  without  great  trouble  and  dif- 
liculty, 
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Difregarding  the  terror  with  which  the  Neapolitans  en- 
deavoured to  infpire  us,  after  having  received  their  adieus,  as 
if  our  feparation  had  been  hkely  to  be  eternal,  we  fet  out  in 
a  carriage,  at  half  after  eleven  at  night,  on  the  iSth  of  July, 
from  the  hotel  of  the  French  ambailador,  fovirteen  in  num- 
ber, furnilhed  with  ropes  and  other  articles  which  we  fup- 
pofed  might  be  neceilary,  and  all  in  a  (late  of  the  high  eft 
fpirits,  which  never   forfook  us,  even  at  times  of  the  moll 
imminent  danger.     We  arrived  about  midnight  at  the  foot 
of  Vefuvius  ;  and,  having  quitted  our  carriac^e,  mounted  well 
experienced  mules,  and  proceeding  one  after  the  other,  with 
adjutant  Dampierre  at  our  head,  amidft  the  thick  darknefs  of 
night,  reached  halfway  to  the  fteep  fummit  of  the  mountain. 
We  had  a  numerous  body  of  guides,  and  their  lighted  torches 
gave  to  our  expedition  a  myfterious  and  folemn  air,  which 
formed  a  flriking  contraft  with   the  mirth  and  gaiety  of  the 
company. 

When  we  had  afcended  about  half  way,  we  were  obliged 
to  alight,  and  to  clamber  up  the  fteepeft:  and  moft  difficult 
part  of  Vefuvius,  wading  through  the  aflies  up  to  the  knees, 
till,  exhaufted  with  fatigue,  and  covered  with  fweat^  we 
reached  the  fummit  at  half  paft  two  in  the  morning. 

The  firfl:  thing  that  Itruck  us,  as  foon  as  the  morning  began 
to  dawn,  was  a  moft  magnificent  fpeclack— a  fuperb  view 
of  the  city  and  port  of  Naples,  the  beautiful  iiillsw^iich  fur- 
round  them,  and  the  vaft  extent  of  the  fea  by  which  they 
are  wafhcd.  After  walking  round  part  of  the  aperture  of  the 
volcano,  that  we  might  choofe  the  mole  commodious  place 
for  defcending,  adjutant  Dampierre  and  C.  Wickar  firlt 
defcended,  without  any  accident,  at  the  determined  point. 
When  they  had  got  about  a  third  of  the  w^ay  they  were  fud- 
dcnly  (lopped  by  an  excavation  of  fifty  feet,  which  it  was 
nccefTary  to  pafs.  As  they  found  that  it  was  impo(rible  to  ob- 
tain any  fixed  point  of  fupport  on  afnes  fo  moveable;  and 
being  convinced  that  the  friction  of  ropes  would  have  foon 
dcftroyed  both  the  point  of  fupport  and  the  neighbouring 
mafTes  to  a  great  dittance.  they  refolved  to  return.  Eefides, 
uhijt-  deliberating  on  the  means  of  defcending,  fome  (lones 
rolling  down  from  the  Jummit  occafioned  a  general  agitation 
wherever  they  palled  :  adjutant  Dampierre  found  the  ground 
on  which  he  (lood  (hake  beneath  his  feet;  and  he  had  fcarcely 
quitted  it,  calling  out  to  C.  Wickar  to  follow  him,  v.'hen  it 
dil appeared.  Soon  after,  indeed,  the  whole  place  where  they 
had  ftood,  and  all  the  neighbouring  frnall  eminences,  crum- 
bled down  fucceflively  in  the  courlc  of  half  an  hour,  and  were 
precipitated  to  the  bottom  of  the  crater  witji  an  au  ful  ;ioife. 

Before 


into  the  Crater  of  Mount  Vcfuvun,  ic<7 

Before  we  renounced  our  enterprife  to  return  to  Nanles, 
dejecied  on  account  of  not  having  fucceeded,  we  once  more 
walked  round  the  mouth  of  the  crater,  and  at  laft  difcovered 
a  long  declivity,  pretty  fmooth  though  very  iteep,  which 
conducted  to  the  focus.  Without  examining  the  precipices 
which  it  might  be  nccciTary  to  pafs  before  it  could  be  reacht^d, 
C.  Debeer,  the  aniualiador'a  fecretary,  accompanied  bv  a  la?r- 
zaroni,  fet  out  firit  to  attempt  the  paiTage.  When  they  had 
got  halfway,  amidft  a  torrent  of  alhes,  which  the  impreflion 
of  their  feet  made  to  roll  dovv-n  along  with  thcni,  thev  found 
means  to  fix  themfelves  on  the  edge  of  a  precipice  twelve  feet 
in  height,  which  it  was  neceffary  to  pafs  before  thcv  could 
reach  the  loucr  declivity.  The  lazzaroni,  frightened,  re- 
fufed  to  proceed  ;  but,  being  promifed  a  double  ducat,  avarice 
got  the  better  of  his  timidity  ;  he  fpeedily  made  the  lign  of 
the  crofs  over  ins  whole  bodv,  and,  having  invoked  the  Ma- 
donna, and  St.  Anthony  of  i-*adua,  threw  himfelf  alono-  with 
C.  Debeer  to  the  bottom  of  the  firit  precipice :  foon  after 
they  arrived  at  another,  but  being  of  lefs  height  it  was  palVed 
with  more  cafe.  At  ength,  amidft  a  continual  to;  rent  of 
falling  lava,  afncs,  and  (tones,  ihcy  arrived  at  the  botiran  of 
the  crater,  and  ftretched  out  their  arms  to  us,  fend.n'a;  forth 
fliouts  of  joy,  which  we  returned  with  the  utmoft  fatisFaclioa 
and  enthufiahn. 

C.  Houdouart,  engineer,  immediately  followed  C.  Debeer; 
and  after  encountering  the  fame  difficulties,  and  paffing  dan-, 
gerous  precipices,  joined  him  at  the  bottom  of  the  crater. 
Being  there  both  convinced  of  the  almoft  infurmouulable 
difficulty  of  afcending,  they  threw  themfelves  into  each  other's 
arms,  like  two  triends  reduced  to  the  neccffiiy  of  tcrininaiin*^^ 
their  lives  together  in  a  defert  ifland  without  any  hopes  ot 
efcaping  from  it. 

They  then  began,  but  with  cautious  fleps,  to  walk 
round  this  immenfe  furnace,  which  itill  fmokes  in  feveral 
places.  The  intrepid  W'ickar,  who  was  vcrv  dchrous  to  par- 
ticipate in  their  fate,  called  out  to  them  to  fend  fome  one  to 
affill  him  in  pafling  the  two  cliffs  ;  but  feeing  no  one  comino,' 
and  growing  impatient,  he  ruflied  forward,  and  rolled  down 
to\vards  them  amidli  a  torrent  of  ftones,  athes,  and  volcanic 
matters.  Adjutant  Dampierre,  C.  Bagneris  phylician  to  the 
army,  Freffinet  and  Andras  French  traveller^;,'  and  Moulin 
infpeftor  of  polls,  foon  followed,  and  arrived  at  the  crater 
after  having  incurred  the  fame  dangers. 

Wickar  immediately  fat  down  on  a  heap  of  fcoriae,  and, 

with  that  fuperiority  of  talents  for  which  he  is  diltinguifhed, 

(ketched  out  in  profile,  \yith  a  perfect  ref^rnhlance,  the  por- 

6  tracts 


138  AccQWit  of  a  Defcent 

traits  of  the  eioht  Frenchmen  who  liacl  defccnded.  Each 
then  formed  a  Imall  collection  of  the  ditierent  volcanic  mat- 
ters which  appeared  to  be  new  or  curious^  and  endeavoured 
to  make  a  few  obfervations. 

Had  we  been  allowed  to  depend  on  fuccefs,  had  we  not 
been  retarded  in  our  preparations  by  our  timid  guides,  and 
if  fome  of  us,  having  only  jnft  arrived  at  Naples,  iiad  not 
been  Itraitened  in  point  of  time,  our  defcent  would  certainly 
have  been  much  more  ufeful,  and  the  refults  more  fatisfac- 
torv.  However,  though  ill  furniihed  with  mean?,  the  fol- 
lowing are  the  obiervations  we  were  enabled  to  make  : 

Reaumur's  thermometer,  the  only  inftrument  we  poffefled, 
ftood  at  T2  degrees,  on  the  fumiiiit  of  Vefuvius:  the  air  was 
cold,  and  fomewhat  moid  :  in  the  crater  the  quickfilver  rofe 
to  16  decrees,  and  we  experienced  the  mildett  temperature. 

The  furface  of  this  place,  which,  when  feen  by  the  naked 
eve,  looking  down  from  above,  appeared  entirely  fmooth, 
exhibited,  when  we  were  at  the  bottom,  nothing  but  a  vaft 
extent  of  afperities.  We  were  conltantlv  obliged  to  pafs  over 
lava  exceedingly  poious,  in  general  prcttv  hard,  but  which 
in  fome  places,  and  particularly  thofc  where  we  entered,  w  as 
ftill  foft,  and  yielded  under  our  feet.  The  fpettacle  which 
ftruck  us  moft  was  the  numerous  fpiracles,  which  either  at 
the  bottom  of  the  crater  or  the  interior  fides  of  the  mountain 
fuffer  the  vapours  to  efcape.  W^hen  we  arrived  at  the  crater, 
we  were  defirous  to  afcertain  whether  thefe  vapours  were  of  a 
noxious  quality  :  we  ualked  through  them,  and  infpired  them 
feveral  times,  but  felt  no  inconvenience  from  them.  The 
thermometer  placed  in  one  of  thele  fpiracles  indicated  54  de- 
grees, in  another  it  rofe  only  to  22.  In  all  thele  experiments 
our  inftrument  was  covered  with  a  humid  matter,  which  was 
foon  diflipated  in  the  open  air  without  leaving  any  traces. 

In  travcrting  the  furface  of  the  crater,  wc  perceived  a  focus 
half  covered  by  a  large  mais  of  pumice  ftonc,  and  which, 
from  its  whole  circumference,  emitted  a  ftrong  heat.  The 
thermometer  placed  at  firft  at  the  entrance  of  it,  and  then 
immeried  to  as  great  a  dejilh  as  the  nature  of  the  ground  and 
the  heat  would  admit,  never  rofe  higher  than  22  degrees. 
This  fingularity  hu'priled  us,  but  we  were  not  able  to  ex- 
plain it. 

The  volcanic  productions  which  we  obferved  in  the  whole 
crater  were  lava,  exceedingly  ])6rous,  and  which  the  fire  in 
certain  places  had  reduced  to  fcori^e.  It  uas  of  a  dark  brown 
colour,  and  fomeiimes  reddifli,  but  it  is  rare  to  find  any 
wliile.  The  fnbftances  nearefi:  the  fpiracles  are  all  covered 
or  impregnated  with  iulpliur.     This  mineral  is  found  very 

often 
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often  in  a  ftate  of  oxvgenation.  It  is  fometimes  white,  and 
fometimes  of  a  yellowidi  colour,  and  the  iliarp  and  pungent 
iniprelfion  it  leaves  on  the  loniiue  fufficicntlv  indicates  the 
ftate  in  which  it  is.  The  burning  focus,  of  which  we  have 
fpoken,  produces  the  fame  refuhs.  Some  bafaltic  lava  is 
alfo  found,  but  in  Imall  (|uantity :  one  fpecinien  only,  of  a 
confidcrable  weight  and  beautiful  polilh,  attracted  our  atten- 
tion. 

On  the  north  fide  of  the  crater  there  are  two  large  fiffiires, 
one  of  which  is  20  feet  in  depth,  and  the  other  about  15, 
They  are  Ihapcd  like  an  inverted  cone.  The  matter  vvith 
which  thev  are  covered  is  entirely  fimilar  to  that  on  the  reft 
of  the  furface.  Thev  emit  neither  fmoke  nor  heat ;  yet  fome 
fulphurous  productions  plainly  fhow  that  the  lire  in  thefe 
places  has  not  long  been  extinct. 

\\'hen  we  had  iiniflied  theie-  few  obfervations,  it  was  ne- 
ceflarv  that  we  ih.ould  think  of  returning.  The  defcent  is 
far  lels  laborious  than  the  afcent ;  lor  it  is  ditricult  to  climb 
eminences  where  the  points  of  iupport  are  fo  moveable.  Be- 
fides,  people  cannot  afcend  but  one  at  a  time  in  fucce{Iion, 
afier  long  intervals,  for  fear  of  burving  under  a  torrent  of 
volcanic  matters  ihofe  who  follow,  as  the  foot,  when  moved, 
difplaces  the  adies,  8cc.  to  the  diftance  of  thirtv  feet  roimd. 

When  we  arrived  at  the  t\\o  precipices,  we  were  obliged 
to  afcend  by  mounting  on  the  flioulders  of  a  man  placed  at 
the  bottom,  and  lavimj;  hold  of  a  Irick  held  bv  anoth.er  at  the 
top^  and  to  reft  our  feet  no  where  l.ait  in  a  very  gentle  man- 
ner. At  length,  by  prudence  and  caution,  we  reached  the 
fummit  of  Vefuvins  without  any  accident,  but  exhaiifted 
with  fatigue,  and  fo  covered  with  afnes  and  fmoke,  as  to  be 
fcarcely  difiinguilhable.  Our  fix  companions,  who  had  not 
defcended  into  the  crater,  were  overjoved  when  thev  faw  us 
a^ain,  and  fupplied  us  with  fome  refreflimer-ts^  of  which  wc 
had  great  need. 

AMien  one  grand  difFicultv  is  farmountcd,  inferior  ones 
are  overlooked,  as  of  little  importance.  In  lefs  than  twentv- 
five  minutes  we  again  defcended,  having  confirmed,  after 
examining  various  Itoncs,  this  obfervation,  that  ^''efuvius  is 
the  only  known  vulcano  which  throws  up  from  its  bowels 
primordial  fubftances,  without  being  altered  by  the  fire^  and 
iuch  as  are  found  at  prefent  in  banks  and  veins. 

At  hall  after  eisrht  in  the  niornino-  wc  arrived  at  Portici,  the 
inhabitants  of  which  were  much  furprifed  to  fee  us  return  all 
fafe.  Their  delicious  fruits,  and  their  excellent  wine  called 
lacrrma  Chrlfti,  foon  made  us  forget  our  fatigue,  and  we 
ihen  proceeded  to  Naples_,  which  we  reached  in  fafcty. 

The 
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The  refult  of  this  excurfion,  which  was  only  an  experi- 
ment, can  be  of  no  further  iife  than  to  ihow  the  poflibihiy 
of  reaching-  the  crater,  anJ  to  open  the  way  to  it  to  philofo- 
pliers,  naturah(ts,  and  cheniifts,  who,  by  exploring  this 
immenfe  furnace  of  naturo  at  their  leifure,  will  find  a  variety 
of  matters  which  will  atiord  an  ample  field  for  the  application 
of  their  chemical  k:,owledge,  and  mav  enable  them  to  make 
difcoveries  interefting  to  the  ari^  and  the  Iciences. 

The  names  ot  the  eight  Frencnmen,  in  the  order  in  which 
tbev  defcended,  are  as  follow  :  Debeer,  fecretary  to  the  am- 
baffador  Alqiiier  ;  Houdouart,  chief  engineer  of  bridges  and 
caufeways  attached  to  the  army  of  Italy;  Wickar,  painter; 
Dampierre,  adjutant-commandant;  Bagneris,  phyfician  to 
the  armv  of  obfervation  ;  Freffinet  and  Andras,  French 
travellers;  and  Moulin^   infpeclor  of  polts. 


XXII.  Ohfervatkns  on  a  deJlruBrje  Kind  r.J  Injects  found 
in  feme  Parts  of  the  Rufjian  Empire,  and  in  the  Bannat  of 
Temejwar,     Bj  PrGjefjor  Pall.^s  ^. 

V  V  E  are  indebted  to  my  friend  Brunnich  for  the  firfl  ac- 
count cf  this  defirudive  infeil,  hitherto  obfcrved  only  in  the 
Bannat  of  Tcmeiwar  in  Europe.  Linnaeus,  in  the  {Iiort 
defciiption  which  he  gave  of  itf  from  an  account  tranfmitted 
to  him,  compares  it  to  that  fmall  e:nat  [culex  e^uinia:)  which 
infefis  horfes.  Its  principal  colour  is  blackifli;  its  breaft 
pro\e6ls  in  a  round  form,  and  the  hinder  part  of  the  body  is 
oval;  the  lees  are  pretty  long;  the  thighs  towards  the  body 
are  white,  but  black  underneath  ;  tlie  covering  of  the  thighs 
inoitly  white,  at  the  extremity  blackifh,  the  joints  of  the  legs 
black,  and  the  wings  tranfparent. 

According  to  this  defcription,  I  found  the  greatefl  fimi- 
larity  between  the  gnat  of  the  Bannat  and  the  Ruflian  mofch^ 
lara,  or  ftinginof  gnat:|:,  which,  after  an  attentive  compari- 
{on,  I  find  to  agree  perfectly  with  the  creeping  gnat  {cuiex 
Tiptans)  of  Linnaeus;  and  I  fufpedled,  from  what  I  knew 
of  the  abundance  and  deftruftive  nature  of  the  Siberian  in- 
fects, that  the  gnat  of  the  Bannat  might  belong  to  the  larger 
;-»nd  more  pernicious  kinds  in  the  warm  mountainous  diltrids 
of  that  countrv.  I  was,  however,  deceived  in  my  conjcdure^ 

"  From  Ncue  Nordifcbe  Bi'y';a^e^  vol.  ii. 
f   Cnlex  Lanio  Linn.  Mantijf.  PLv:tnr.  ii.  p.  541. 

*  Bibio  faf:gui77urius,  Palias  RcrJ?,  part  i.   p.  193;  i^ppcnd.  p.  47?  ; 
bv'il>€  RuHiaiis  calkii  sKofbiai  in  Siberia  iniproperly  mo.kriza ;  on  the 

by 


found  Infome  Parts  of  the  Rajfian  Empire.  t^i 

t\'  feveral  circumli:inccs  mentioned  in  Grifelini's  Natural 
Hiftorv  of  the  Banndt^.  and  his  deicripiion  of  ih:.  cmat, 
which  IS  totally  unlike  that  of  Brunnich.  Accordlno-  to  Gri. 
lelun,  It  IS  hv&iv  than  the  common  gnat,  and  prrf?aiv  like 
It  in  the  conformation  of  its  bodv  ;  its  head  is  alio  armed 
with  feelers  and  it  h.s  a  fmall' probofcis ;  the  breaft  ia 
biackifh  at  the  top,  fomewhat  hairv,  and  on  the  lov.er  part 
white;  the  tore  legs  are  (hort,  anci'thc  hind  lar-eft ;  the  ex- 
tremity of  the  body  confilts  of  lead- coloured  rin-s,  each  of 
w_h,ch  IS  lurrounded  bv  a  black  line  Grhdini  favs  nothing 
ot  white  rings  on  the  f^et,  and  at  the  end  n^imes'th-  inf-.'^'" 
contrary  to  the  exprcffion  of  his  own  defcription,  a  o-adldy 

.  In  this  nncertaintv,  the  lafl  circnmftance  led  me  to  con- 
jecture that  Gnfehni,  perhaps,  micrht  not  be  a  verv  expe- 
rienced entomologilt;  and  as  he  defcribed  his  infect  in  the 
ume  ot  harvelt,  and  as  tiie  real  deftruaive  enats  appear  on 
the  other  hand  in  the  Iprmg,  I  fufpected  thafProfefibr  Erun- 
mch  might  have  dclcribed  the  proper  infect,  and  that  Grde- 
ini  had  only  leen  fome  of  the  other  kinds,  which  appear  in 
large  fwarms.  My  doubts  on  this  fubjec^  iuduced  me  to 
apply  to  Baron  von  Born,  to  whofe  information  I  had  ofteit 

Slectin  'f'^'^'^r^'  '^^  ^7  ^^^  ^^^^^  I  obtained  a  fmal! 
col  euHion  of  real  Columbach  snats,  amon^  which  I  di(tin- 
guUhed  on  the  firft  view,  the  Ruffian  m.fihkara  of  a  conf^- 
derable  fize,  and  even  an  infed  which  I  had  io  often  wifhed 
to  procure  when  colle6ting  plants  and  infers  in  the  Altai 
mountains,  and  on  the  Voka. 

They  are  fmall  flies,  as  thick  but  much  fnorter  than  the 
common  gnats,  and  which,  accordino;  to  their  charaaeriltic 
marks  and  form,  have  a  greater  rcfemblance  to  the  b:bione, 
of  Geoffroy  than  to  gnats.  Their  breaft,  which  is  ftrone. 
projecis  ma  round  form;  the  head  is  flat,  and  at  the  top 
ends  m  a  (harp  oblique  edge,  has  at  the  iides  oblong  eye^ 
and  below  tapers  to  a  probofcis,  which  ends  in  two  (hlarp 
points,  not  unhke  the  Ihng  of  the  gnat;  the  feelers  are  of  k 
browmOi  yellow  colour,  thick  and  Iharp  pointed,  placed  near 
each  other  on  the  forehead;  the  le^s  are  much  fnorter  tbui 
hole  ot  the  gnat;  the  thighs  and  part  next  the  joints  of  the 
legs  are  an  white,  and  only  blackifh  towards  the  ends;  on 
fome  the  thighs  towards  the  body  were  whitiOi:  the  cxtremuv 
ot  tne  body  which  appears  very  dr^'  and  contrc-aed,  is  fur- 
rounded  with  rings  of  brown,  but  'the  brealt  appears  black, 

*  Grif^Ilni  Ferfuch  eir.er  toluifcher,  ur.d  r<uurI:cb:K  Qffchkbfe  des  T, . 
-nefivarcz  £^7.r*v.  Vienna,  1782 ;  parr  ii.  p.  133.  ^  ^ 
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fliadcd  with  crrev  ;  the  wings,  which  are  pretty  large  and 
broad,  appeal  whitilh,  with  their  vems,  and  lie  over  each 

other. 

Such  I  found  the  Columbach  gnat,  and  I  have  leen  the 
Siberian  vtofchani,  or  that  common  in  the  neighbourhood 
of  the  Vohja,  perfectly  fnnilar,  only  that  it  was  fomewhat 
fmallcr.  and  had  not  io  broad  white  rings  on  the  legs.  I  en- 
tertain no  doubt,  therefore,  that  they  are  both  of  the  fame 
fpccies.  I  am  alfo  convinced  that  the  culex  reptans  o't  Lin- 
iiffius  is  nothing  elfe  than  the  fame  infecl  which  is  found 
in  the  northern  countries,  fomewhat  fmaller  and  not  in  fuch 
abundance. 

LinncEus  found  crreat  multitudes  of  the  latter  m  the  moun- 
tainous diftrias  of  Lapland,  whereas  in  Sweden  they  are 
more  uncommon.  According  to  his  obfervations,  they  attack 
people  prmcipallv  towards  fun-fet,  crawl  over  their  whole 
bodies,  even  into  the  mouth,  nofc,  and  eyes,  and  cannot  be 
driven  awav  like  other  gnats,  by  ihaking  or  blowing.  It  hi3 
defcription'in  the  Fciuua  SucAca  be  compared  with  ours,  it 
v^ill  be  found  verv  little  difi'erent. 

Thefe  troublefonie  flics  are  found  here  and  there  m  the 
northern  forells  of  Rufiia,  but  lingly,  and  for  the  moft  part 
they  run  about  amonir  the  hair  of  the  cattle.  But  on  the 
Volga,  below  Kafan,  uhere  that  river  begins  to  flow  between 
woodv  mountains,  and  approaches  a  warmer  diftrict,  parti- 
cularly from  the  neiirhbourhood  of  Simbirik  to  Saratof  and 
Kamvfchenka,  thev  are  met  with  from  the  end  of  ^Uy  to 
the  becrinnine  of  June  in  fuch  aftonilhing  multitudes  injow 
bufhy  places,'' and  the  woodv  hills  ihcitered  from  the  wind, 
that  thev  feem  to  fill  the  atmofphere,  like  hail,  falling  blindly 
and  with  violence  a^ainft  the  face,  which  is  afleaed  as  if  land 
were  thrown  affainll  it;  they  f^v  into  the  eyes,  nole,  and 
mouthj  adhere  ^pertinacioafly  to' the  fkin,  and  with  their 
blunU^runks  ^y«-ce  it  often  in  fuch  a  manner  as  to  occafion 
pain,  fo  that.^  bloodv  puncfure  remains,  though  without 
itchinir.  Fiflicrmen,  hunters,  and  all  thofe  who,  by  their 
employments,  are  expoftd  to  the  open  air,  or  w^ho  travel, 
furnilh  themlelves  about  the  above  period  with  a  large  net- 
cap  foaked  in  birch  oil,  becaufe  it  has  been  obferved.  that 
the  viojchka,  however  blindlv  they  rufli  againft  every  thing, 
never  venture  to  flv  aoainli  thofe  open  nets  which  have  been 
foaked  in  the  above  llrong-fmelling  oil.  Without  thefe  means 
it  would  often  be  impolhble  to  open  the  eyes,  -When  the.iii- 
k&.  has  an  opportunity  of  faftcning  itfelf  on  the  (kin  unper- 
ceived,  and  of  fucking  the  blood,  it  fills  its  belly  till  it  ap- 
pears like  a  blown-up'^  bladder,  and  cannot  be  removed  biit 
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by  klllinor  it.  As  people  cannot  open  the  mouth  without  fe- 
veral  of  them  getting  into  it  at  once,  it  often  happens  that 
they  bite  or  fquceze  them  between  the  teeih  in  fpitting  them 
out,  and  one  tlien  feels,  without  williing  it,  that  tlieir  en- 
trails have  a  fweet  melleous  tafte.  At  the  enJ  of  June  they 
almoft  all  difappear,  and  are  not  again  feen  till  Aiiguft  j  but 
at  that  period  thev  are  far  lefs  abundant. 

Thele  tlies  are  equally  numerous  in  the  Ural  mountains, 
but  they  are  ftill  more  fo  in  the  neighbourhood  of  the  woody 
mountains  of  the  fouthern  part  of  Siberia  bevond  the  lake 
Baikal.  In  the  month  of  J'uic,  people  are  tormented  with 
thefe  vermin,  even  on  the  mountains,  till  thev  reach  the  cold 
fammits,  where  there  are  no  woods.  In  the  latter  end  of 
lumnier,  however,  thev  are  not  to  be  ieen  in  thofe  diftricls. 
Travelling  from  Jakulk  toOchozk,  thev  are  to  be  ao-ain  found 
in  immenfc  multitudes  as  foon  as  one  has  palled  the  Aldaan, 
and  perhaps  thev  are  to  be  found  aUo  in  North  America. 

It  is  conmionlv  reported,  in  the  Siberian  and  Ural  moun- 
tains, that  thcle  fmall  infects,  with  the  aiiiitance  of  the  gad 
flics ^  which  abound  about  the  fatne  period,  torment  horles, 
and  other  cattle,  in  fuch  a  manner  as  to  occafion  their  death 
when  they  run  about  in  the  forelts,  and  have  no  opportunity 
of  efcapintr  to  the  open  country,  or  to  a  lire,  the  fmoke  of 
which  would  drive  them  away.  Inllanccs  of  this,  however, 
are  not  fo  frequent  in  thefe  countries  as,  according  to  everv 
account,  they  muft  be  in  the  Bannat  of  Temefwar.  Ther 
caufe  of  this,  perhaps,  is  to  be  afcribed  to  the  great  fizc  of 
thefe  gnats  in  the  latter  countrv*,  and  perh'ips  alfo  to  tome 
poifonous  quality  connected  with  their  fting;  for  I  have  ob- 
ferved,  even  in  Siberia,  that  their  iting  fometimes  occafioned 
on  the  human  body  large  tumours,  wliich  fcarcelydifappearcd 
at  the  end  of  fortv-eight  hours. 

I  (hall  not  here  repeat  what  Grifelini,  whether  true  or  falfc^ 
has  related  of  thefe  infecfs.  I  Ihould  have  confidered  many 
of  the  particulars  which  he  ftates,  as  containing  too  mucl* 
of  the  marvellous,  had  not  Baron  Born,  in  hb  Letters,  con- 
firmed the  accounts  given  of  the  defer uctive  natiue  of  thefe 
vermin  in  that  country.  *^  Thev  come  to  the  Bannat-  of  Te- 
meiwar/'  lavs  he,  ^'  by  millions,  as  foon  as  the  blooai  ap- 
pears on  the  trees  in  the  fprini ;  fall  upon  the  cattle,  creej> 
through  the  rectum,  the  noltrils,  and  the  ears,  into  themoit 
interior  parts  of  their  bodies,  and  ki!l  them  in  four  or  five 
hours.  When  the  animal  is  opened  thev  are  found  adhering 
in  fwarms  to  the  iuncrs  and  to  the  bowels,  which  are  com-t 
pletely  Inflamed.  Thev  continue  three  or  four  weeks,  and 
are  followed  by  immenfe  clouds  of  dragon  flies,  iihellula. 
4.  grandi^ 
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grundis  and  <^rea,  which  devour  every  thing,  and  are  in 
their  turn  devoured  by  the  fwallows,  whieh  find  them  in 
iwarms.  About  the  end  of  July  or  the  beoinning  of  Au  gull 
the  fecond  brood  appear^    and  accompanied  with  the  like 

circumitances." 
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the  Ufe  of  Artijis,  Mannfa&urers,  and  others ;  including 
various  Jbort  Procejfes  cither  ne-w  or  little  known* 

[To  be  occafionally  continucc.] 
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0)1  fovie  Kinds  of   Gilding, 


H  E  value  which  has  always  been  fct  on  articles  made  of 
gold,  has  induced  artifts  to  devife  means  for  giving  to  works 
of  other  metals,  by  covering  them  with  a  thin  ftratum  of  gold, 
a  greater  value  than  they  really  pofl'efs.  Hence  the  origm  of 
gilding. 

In  real  gilding,  the  metal  is  either  immediately  covered 
with  leaf  gold,  or  an  amalgam  is  formed  of  gold  and  quick- 
filver,  with  which  the  metal  is  rubbed  over,  and  the  quick- 
filver  is  then  (ublimated  by  means  of  heat. 

In  gilding,  a  great  deal  depends  on  cleaning  properly  the 
furface  of  the  metal  to  which  the  gilding  is  to  be  applied, 
becaufe  the  union  of  the  gold  with  the  metal  becomes  then 
more  intimate.  Silver,  copper,  brais,  and  pinchbec,  may 
be  eafily  gilded,  either  by  means  of  gold  leaf,  or  of  gold 
amalgamated  with  mercury ;  but  iron  and  fteel  with  diffi- 
culty; nor  can  fo  durable  a  gilding  be  given  to  them  as  to 
other  metals  bv  any  procelTes  yet  known.  The  caufe  of  this 
is,  that  the  furface  of  iron  or  fteel  during  the  procefs  of  gild- 
incr  cannot  be  kept  thoroughly  clean. 

Gildi?ig  Iron  or  Steel  with  Gold  Leaf 

In  this  procefs  the  metal  muft  be  heated  before  the  gold 
leaf  can  be  applied,  which  expofes  it  to  the  rifque  of  having 
its  furfj^ce  oxidated,  beiides  the  danger  of  having  the  temper 
at  the  fame  time  brought  too  low,  when  fword-blades,  dag- 
gers, and  the  like,  are  fubjecled  to  the  procefs. 

Gilding  with  Amalgam  and  Nitrate  of  Mercury, 

In  gilding  iron  or  fteel  by  means  of  an  amalgam,  the  diffi- 
culty and  the  danger  of  mifcarrying  are  (till  greater;  for,  as 
the  metal  has  no  affinity  for  the  mercury,  an  agent  muft  be 
ijmployed  to  difpofe  the  furface  to  receive  the  gilding.     For 
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this  purpofe  a  folution  of  mercury  in  nitrous  acid  {aquafortis)^ 
or  what  the  workmen  call  quickfilver  water,  is  applied  to  the 
parts  intended  to  be  gildtJ  :  the  acid,  by  a  ftronger  affinity, 
feizes  on  a  portion  ot  the  iron,  and  depofits  in  the  place  of  it 
a  thin  coating  of  mercury,  which  will  not  retufe  a  union, 
afterwards  with  the  gold  amalgam  that  may  be  applied;  but 
by  this  procefs  the  furface  of  the  metal  is  injured  by  the  ni- 
trous acid,  and  the  union  of  the  mercury  is  very  flight,  fo 
that  a  bright  and  durable  gilding  cannot  be  obtained. 

Gilding  luith  Amalgum  and  Sulphate  of  Copper. 

Sometimes  a  folution  of  fulphate  of  copper  {blue  'vitriol)  is 
applied,  with  a  camel's  hair  pencil,  to  the  parts  of  the  fteel 
intended  to  be  gilt.  Bv  a  chemical  a<Slion  exactly  fimilar  to 
"what  we  have  defcribecl  as  taking  place  when  a  folution  of 
nitrate  of  mercurv  is  employed,  a  thin  coating  of  copper  is 
precipitated  on  the  metal.  Copper  having  an  affinity  for 
mercury,  a  kind  of  union  may  by  this  means  be  effected  be- 
tween the  amalgam  and  the  iron  or  iteel,  as  the  cafe  may  be. 

In  whichever  of  thel'e  ways  the  amalgam  be  brought  into 
union  with  the  Itcel,  the  furfac*^.  is  injured  by  the  action  of 
the  acid  employed,  and  ftill  a  heat  fufficient  to  volatilize  the 
mercurv  muft  be  afterwards  emploved.  Moft  artifts,  there- 
fore, follow  the  firft  procefs,  that  of  applying  gold  leaf,  and 
burnifliing  it  down  on  the  article  while  hot;  which,  though 
a  laborious  procefs,  is  attended  with  Icfs  riflv  or  the  furtace 
being  injured. 

An  impro'ved  Troc-efs  for  gilding  Iron  or  Steel. 
This  procefs,  which  is  lefs  known  among  artifts  than  It 
deferves  to  be^  may  prove  r.feful  to  ihofe  who  have  occalion 
to  gild  iron  or  fteel.  The  firft  part  of  the  procefs  conliits  in 
pouring  over  a  folution  of  gold  in  nitro-muriatic  acid  {aqua 
regia)  about  twice  as  much  aether,  which  muit  be  done  with 
caution,  and  in  a  large  veflTel.  Thefe  liquids  muft  then  be 
Ihaken  too;ether :  as  foon  as  the  mixture  is  £t  reft,  the  cetber 
will  be  feen  to  feparate  itfelf  from  the  nitro- muriatic  acid, 
and  to  float  on  the  furface.  The  nitro-muriatic  acid  becomes 
more  tranfparent,  and  the  sether  darker  than  they  were  be- 
fore ;  the  reafon  of  which  is,  that  the  aether  has  taken  the  gold 
from  the  acid.  The  whole  mixture  is  then  to  be  poured  into  a 
glafs  funnel,  the  lower  aperture  of  which  is  fmall ;  but  this 
aperture  mult  not  be  opened  till  the  fluids  have  completely 
feparated  themfelves  from  each  other.  It  is  then  to  be 
opened;  bv  which  means  the  liquid  which  has  taken  the 
loweft  place  bv  its  greater  gravity,  viz.  the  nitro- muriatic 
acid,  will  run  off;  after  which  the  aperture  is  to  be  fluit,  and 
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the  funnel  will  then  be  found  to  contain  nothing  but  aether 
•mixed  with  the  gold;  which  is  to  be  put  into  well-clofed 
bottles,  and  preferved  for  ufe.  In  order  to  gild  iron  or  fteel^ 
the  metal  mull  be  firft  well  poliOied  with  the  tineft  emery,  or 
rather  with  the  faifil  crocus  martis  or  colcothar  of  vitriol  and 
common  brandy.  The  auriferous  aether  is  then  to  be  applied 
with  a  fmall  brufh  ;  the  tether  foon  evaporates,  and  the  gold 
remains  on  the  furface  of  the  metal ;  the  metal  may  then  be 
put  into  the  fire,  and  afterwards  poliflied.  By  means  of  this 
auriferous  aether  all  kinds  of  figures  may  be  delineated  on 
iron  by  employing  a  pen  or  fme  brufh.  It  is  in  this  manner, 
we  believe,  that  the  Sohlingcr  fab  re  blades  are  gilded.  As 
every  artift  has  not  an  opportunity  of  procuring  a  recipe  tor 
the  preparation  of  the  nitro-muriatic  acid  and  a^iher,  we  Ihall 
liere  gi^e  procelTes  for  both. 

Preparation  of  the  Nitro-muriatic  Acid. 

In  a  fufficient  quantity  of  nitrous  acid  dilTolve  as  much 
fal-ammoniac  as  it  can  take  up  in  a  cool  place.  Into  this 
nitro-muriatic  acid  put  the  gold,  after  it  has  been  reduced  to 
fine  powder  by  being  filed  or  beat  into  thin  leaves,  and  de- 
pofit  it  in  a  v/arm  place  until  it  is  diiiblved.  This  folution 
has  a  golden-yellow  colour,  and  gives  a  purple  tint  to  animal 
bodies. 

Preparation  of  the  j^ther. 

Put  into  a  large  retort  one  pound  and  a  half  of  the  ftrongeft 
fpirit  of  wine,  and  pour  gradually  into  it  two  pounds  of  the 
itronfreft  fulphuric  acid ;  ihaking  the  retort  a  little  each  time 
the  acid  is  poured  in.  The  liquid  will  become  hot,  and  the 
vapours,  difengaged  with  force,  will  diffufe  a  penetrating  and 
agreeable  odour.  When  you  have  poured  in  all  the  fulphuric 
acid,  rinfc  the  neck  of  the  retort  by  pouring  in  half  a  pound 
more  alcohol ;  and  having  mixed'the  whole  thoroughly,  fuifer 
it  to  ftand  for  fome  time  well  clofed  up. 

Then  place  the  retort  with  the  mixture  in  afand-bath,and 
adapt  to  it  a  capacious  receiver,  and  make  a  fire  under  the 
retort.  The  heat  however  muft  be  flow,  and  fo  moderate 
that  the  receiver  may  never  be  heated  by  it.  The  diftillation 
muft  be  continued  until  a  fulphurous  odour,  inftead  of  the 
agreeable  one,  is  obfervcd  at  ti^.e  mouth  of  the  receiver.  For 
this  purpofe  the  receiver  may  be  now  and  then  emptied,  by 
which  means  the  odour  can  be  at  all  times  obferved. 

When  the  diltillation  is  ended  you  will  have  obtained  an 
gather;  which  however  always  contains  partly  a  little  acidu- 
lous water,  and  partly  fome  fpirit  of  v.'ine. 

Ta 


fof  the  life  of  Art'i/is,  ManufaElurers,  ^c.  \^*] 

To  obtain  it  perfeftly  pure,  or  to  rectify  it,  put  it  again 
into  a  retort;  and  having  added  to  it  a  little  diflblved  alkali, 
in  order  to  abforb  the  acid,  place  it  in  a  vtr\^  gentle  fand- 
bath,  and  adapt  to  it  a  receiver.  If  the  half  of  it  be  then 
driven  over  at  a  very  gentle  heat,  you  will  obtain  very  pure 
aether. 

What  remains  after  the  firft  diftillation  confifts,  for  the 
mofi:  part,  of  fulphuric  acid  impregnated  with  ful.ihurous  gas 
and  with  carbonaceous  matter  furnidied  by  the  decompofitioa 
of  tlie  alcohol. 

This  refidiium  mav  be  again  employed  for  the  preparation 
of  aether.  For  this  purpofe  pour  over  it  good  fpirit  of  wine, 
but  always  a  third  lels  than  before,  and  proceed  to  diiliila- 
tion :  if  you  then  redlify,  you  will  obtain  good  aether. 

Another  good  Procefs  for  Gilding. 

iEther  is  proper,  as  has  been  above  remarked,  for  taking 
up  gold  from  the  nitro-muriatic  acid.  Thofe  to  whom  this 
preparation  of  sether,  for  the  purpofe  of  gilding,  appears  too 
difficult,  mav  ufe  in  its  ftead  effential  oils,  fuch  as  fpirit  of 
turpentine^  oil  of  lavender,  and  the  like;  which  will  alfo  take 
gold  from  its  folution. 

To  prep  re  the  Alcohol. 

As  it  is  fometimes  difficult  to  procure  alcohol  ready  pre- 
pared, the  following  method  of  rectifying  weak  fpirit  of  wine 
will  be  found  very  advantageous  to  arti(+s  : 

Take  well  dried  potafli  and  pour  over  it  fpirit  of  wine  :  the 
latter  will  not  unite  w  ith  the  potafn,  but  the  water  which  it 
may  contain  will  be  taken  up  by  that  alkali.  The  fpirit  of 
wine  is  then  to  be  poured  into  another  glafs,  and  fubjecled 
to  the  fame  operation  as  before.  Tiiis  procefs  is  to  be  re- 
peated till  it  is  obferved  that  the  potafli  is  no  longer  very 
moift.  Such  fpirit  of  wine  is  exceedingly  ftrong,  but  rendered 
a  little  impure  bv  the  potafh,  as  will  appear  from  its  yellowidi 
colour.  It  mult  therefore  be  poured  into  a  retort,  having  a 
receiver  adapted  to  it,  and  diftilled  to  a  fifth  part  over  a  llovv 
heat.     What  comes  over  is  alcohol. 

Cold  GUdtng  of  Silver. 

Befides  the  above  methods  of  gilding,  there  is  alfo  a  cold 
gilding  of  filver,  which  can  be  fpeedily  done,  and  with  little 
trouble. 

Diffolve  gold  in  the  nitro-muriatic  acid,  and  dip  fome  linen 
rags  in  the  folution ;  then  burn  them,  and  carefully  preferve 
the  afhcs,  which  will  be  very  black,  and  heavier  than  com- 
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nion.  Rub  tlicfe  afiies  on  the  farfacc  of  the  filver  cither  witb 
the  lingers  or  a  piece  oF  leather  or  of  cork,  by  which  means 
the  tine  particles  of  gold  thev  contain  will  be  left  on  the  fur- 
face  of  the  metal.  If  the  filver  be  then  waflied,  fo  as  to  re- 
move the  remaining  part  of  the  a  flies,  the  (iiver  will  have 
fcarcely  any  appearance  of  o-ilding:  but  on  being  burniihed 
it  will  alTumc  a  beautiful  gold  colour.  This  method  of  gilding 
is  very  eafy,  and  requires  very  little  gold. 

Gliding  of  Brafs. 

•Fine  inftrumcnts  of  brafs,  in  order  that  their  furface  may 
be  kept  lono-cr  clean,  may  be  gilded  in  the  following  manner: 
Provide  a  faturated  folutionof  gold,  and,  having  evaporated 
it  to  the  conliftcnce  of  oil,  fuller  it  to  (hoot  into  cryftals. 
Thefe  cryPials  muft  then  be  diffolved  in  pure  water,  and 
the  articles  to  be  gilded  being  immerfed  in  it  are  then  to 
be  uailied  in  pure  water,  and  afterwards  burnifted.  This 
procefs  mav  !)e  repealed  feveral  times  till  the  articles  have 
been  well  o;iit.  A  folution  of  gold  crvftals  is  preferred  to  a 
mere  folution  of  gold,  becaule  in  the  latter  there  is  always 
a  portion  of  free  acid,  which  will  not  t'ail  to  exercife  more  or 
lets  aftion  on  the  furface  of  the  brafs  or  copper,  and  injure 
its  polidi. 

hacherlng  of  Br.ifs. 

Various  articles  made  of  brafs  have  fometimes  an  appear- 
ance as  if  thev  were  gilded.  This  appearance,  however,  is 
produce^l  by  means  of  a  folution  of  gum-lac  in  fpirit  of 
wine,  with  which  they  are  rubbed  over.  As  long  as  the 
lac  lafts,  they  retain  their  fplendour.  Thefe  articles,  how- 
ever, are  attended  v/ith  this  inconveiiience,  that  they  muft 
never  be  cleaned  with  a  ftrong  brufh,  or  fcoured  with  chalk 
and  the  like,  but  only  be  wiped  with  a  foft  rag;  for  as  foon 
as  the  lac  is  rubbed  off  thev  lofe  their  brilliancy.  A  varnifh 
of  this  kind  may  be  prepared  in  the  following  manner : 

Ditiblve  two  ounces  of  very  pure  and  line  gum-lac  in 
48  ounces  of  alcohol,  and  place  the  folution  in  a  fand-bath 
expoled  to  a  moderate  heat.  To  prevent  the  too  abundant 
evaporation  of  the  fpirit  of  wine,  as  well  as  the  burfting  of 
the  glafs,  a  piece  of  bladder  ought  to  be  bound  over  the 
latter,  and  a  few  holes  made  in  it  with  a  needle.  In  another 
glafs  diilbUe,  in  the  fame  quantity  of  fpirit  of  wine,  an  ounce 
of  dragon's  blood  in  grains.  When  both  the  folutions  are 
completed,  mix  them  together;  then  put  three  grains  of  yel- 
low wood  into  it,  and  fuffer  it  to  remain  there  twelve  hours 
in  a  moderate  heat :  after  which  flrain  the  liquor  througk 
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fittcringr  paper,  and  nrcferve  it  for  ufe  in  a  clean  glafs  bottle. 
To  give  this  lac-varnifli  a  high  gold  colour,  yellow  Wjod  is 
J3rcferablc  to  every  other  fubltance.  If  the  varnifh  is  intended 
to  be  pale,  and  not  to  change  the  colour  of  the  brafs,  the 
yellow  wood  mav  be  omitted  ;  biU  if  a  Wronger  colour  be  re- 
quired^ a  half  more  of  the  yellow  wood  may  be  added. 
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URIXG  my  ftay  here,  on  my  return  from  England, 
I  have  had  the  fatisfa«il:ion  of  meeting  often  the  celebrated 
Italian  profeflbr  Volta,  who,  in  company  with  his  friend 
Brugnatelli,  profelior  of  chemiftry  at  Pavia,  has  undertaken 
a  philofophical  journev  to  this  metropolis  to  give  and  to  col- 
lect information.  I  iiavc  been  repeatedly  a  witnefs  to  a  moft 
ingenious  and  interefting  fcries  of  experiments,  by  which  pro- 
feflTor  Volta  demonltrates  the  evident  iucntity  between  what 
has  been  called  the  gal-janicfuid  and  common  electricity.  A 
ihort  expofuion  of  the  leading  facls  vvill  not,  perhaps,  be  un- 
acceptable to  vour  philofophical  readers. 

He  begins  bv  ihovving,  with  the  help  of  his  conductor 
and  a  common  electrometer  made  with  two  hanging  'jiis  of 
ftraw,  a  new  and  fundamental  fad  in  electrics,  viz.  tiiat  dif- 
ferent metals  (and  even  oiher  fubftances)  mutually  inijjart 
to  one  another,  bj  a  ^jiiere  drj  contact^  a  certain  quantity  of 
electricity  :  after  this  exchantre,  made  rather  by  a  kind  of 
impulfe  than  by  affinity,  tk.ev  arc  found  to  polTefs  oppoiite 
ftates  of  electricity,  ealViy  demouft.rable  by  the-  common  tell 
with  fealinp[;-wax. 

He  (hows  afterwards,  that  if  a  fvu^m  of  two  different  metals 
be  difpofed  in  the  followino;  order — copper,  zinc,  cooper — 
without  any  iniermediate  condutTting  liquid,  no  ch:inge  of 
the  eledric  Itate  takes  place  in  that  caie ;  becaufc  the  inilu- 
ence  of  the  copper  on  zinc  on  one  fide,  is  balan c^'d  by  a 
fimilar  and  contrary  inuuenee  on  liic  other.  Bat  if  a  piece 
of  wet  paper  be  put  between,  then  the  electrical  equilibrium 
is  immediatel)  deftroyed  by  the  contact,  and  the  phienomeiia 
appear. 

The  belter  the  conducing  liquid  lia]*pens  to  be,  the  greater 
is  the  effect.  Thus  brine  or  acidulated  water  act:  more  ftrongly 
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than  pure  water,  merely  as  better  condu£lors.     This  fa£l  he 
alfo  proves  by  direcl;  experiments. 

On  thefe  three  fLindanienial  fatls  he  then  builds  his  whole 
fabric.  Let  the  apparatus  be  a  pile,  a  feries  of  cups,  or  a 
trough,  his  iheoreiical  pofiiions  anfwer  equallv  well.  He 
explains,  among  many  curious  phaenomcna,  why  the  Vol- 
taic-pile  charges  a  large  Leyden  jar,  by  a  finale  inftantaneous 
contaft,  much  more  than  the  elecSbrical  machine  in  the  fame 
circum.ftance. 

He  thus  transfers,  from  a  pile  of  ico  or  200  couples,  to  a 
very  large  Leaden  jar,  and  even  to  a  battery,  by  a  fingle 
coma6t,  which  lads  not  above  i-ioth  of  a  fecond,  the  fame 
degree  of  eleftrical  charge  which  the  electrometer  (hows  to 
exilt  in  the  pile,  and  the  faculty  of  giving  a  fhock  equally 
ftrong.  Thofe  experiments  require  the  mod  perfe6l  conti- 
nuity in  the  conductors ;  metallic  chains  mult  therefore  be 
excluded  from  the  circuit. 

The  frogs  and  other  animals  put  in  motion  after  death  by 
what  has  been  hitherto  called  the  gakjantc  influence^  are  in 
his  theorv  but  mere  e1e6lrometers.  He  fliows,  in  particular, 
that  a  half  frog,  difpofed  in  the  common  way,  is  almoft  in- 
definitely fufccptible  of  mufcular  contractions  by  merely  in- 
verting alternately  its  pofition  relative  to  the  direCtion  of  the 
electrical  current:  tliat  is,  when  blunted,  for  inftance,  by  a 
number  of  difcharges  paffing  from  the  right  leg  to  the  left, 
it  recovers  its  whole  lufceptibility  if  it  be  but  half  turned 
round,  fo  a?  to  reverfe  the  courfe  the  fluid  takes ;  and  this 
repeatedly  for  a  long  while,  till  bordering  on  putrefaction. 

A  commiffijcn  chofen  among  the  ablelt  eleCtricians  in  the 
National  Inftitute,  has  been  named  to  examine  both  the 
theory  of  the  learned  profeflbr  and  the  experiments  on  which 
it  is  grounded.  He  intends  to  colleCt  foon,  in  one  fingle 
performance,  the  molt  eifential  facts  and  inferences  he  has 
publiOied  at  difi'erent  times  on  the  fubjeCt ;  and  in  the  mean 
time  my  friend  Mr.  De  la  Metherie  prepares  for  the  Journal 
lie  Phyjlqiie  an  account  miOre  circumftantial  than  the  flight 
fketch  L  am  now  forwarding  to  you,  rather  fit,  I  confefs,  to 
excite  than  to  oratify  vour  curiofity. 

1  am,  Kc. 

M.  A.  PiCTET, 
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XXV.  Letter  to  the  Editor  of  the  Philofopl/cdl  Magazine, 
Refpeclcd  Friend, 

A  HE^  fubjoined  paper  has  appeared  to  me,  on  pcriifal, 
fufficiciitly  interelting  to  deferve  publication  in  the  Philofo- 
phical  Macrazine.  It  is  another  proof  (which  I  was  not 
poflTeired  of  at  the  time  mv  eliay  on  the  fame  fubje6l  ap- 
peared) of  the  attention  which  this  queftion  had  obtained  on 
the  continent;  and  as,  notwithftanding  a  cunfiderable  finii- 
farity  in  the  introda6tory  part,  our  inquiries  appear  to  have 
been  directed  to  diftinci  though  clofely-conneiSled  branches 
of  the  fubjecl,  each  of  thefe  papers  may  prove  to  the  reader  a 
ufefui  commentarv  on  the  other.  The  infertion  of  it  will 
therefore  be  acceptable  to 

Thy  Friend, 
Plaiiiow,  i6:h  of  the  Tenth  Month,  looi.  L.  HoWARD, 

On  the  hifluence  which  the  Sun  has  on  the  State  of  the 
Baro7neter,     By  J.  J.  Hemmer*. 

WHEN  philofophv,  in  modern  times,  emerged  from  that 
lamentable  itate  of  darknefs  in  which  it  was  for  fo  many  vears 
involved,  and  philofophers  employed  the  more  rational  and 
certain  way  of  obfervation  and  experience  for  examining  the 
nature  of  things,  all  the  alTertions  and  opinions  of  the  antients 
rLfpeclintr  the  influence  of  the  heavenly  bodies  were  fubjecled 
to  more  accurate  invefligation.  Some,  as  being  contrary  to 
experience,  were  totally  rejected ;  others  were  retained,  and 
placed  beyond  all  doubt,  as  tbev  evidently  coincided  with 
nature ;  and  others  were  clafled  among  uncertainties,  as  ex- 
perience furniihed  nothing  decifive  for  or  againft  them. 
Among  the  number  of  the  latter,  according  to  moft  modern 
philofophers,  is  the  opinion  that  a  part  of  the  wonderful  va- 
riations which  we  obferve  in  the  barometer  are  to  be  afcribed 
to  the  efFccls  of  the  fun  and  moon,  and  other  heavenlv  bo- 
dies. This  opinion,  indeed,  after  a  long  ieries  of  experiments 
and  refearches,  appeared  to  Pafcal,  Garcin,  Wallis,  Hallcv, 
De  la  Hire,  Mariotte,  Woodward,  Leibnitz,  Mairon,  Ber- 
noulli, Mufchenbroek,  De  Luc,  &c.  fo  little  fuj-iported  by 
proofs  drav/n  fram  nature,  that  they  did  not  think  proper  to 
mention  it.  This,  however,  is  much  to  be  wondered  at  in 
regard  to  De  Luc,  as  he  fays  in  his  work  on  the  atmnfphere, 
that  it  is  attraeled  with  more  or  lefs  force  by  the  planets,  ac- 
cording to  their  different  diftances. 

*  From  the  '^ranja^i'ionyof  the  Ele&oral  Academy  of  Sciences  at  Erfurt ^ 
voi.vi. 
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Some   celebrated  philofophers,  however,    of  the   prcfent 
day  have  confidently  believed,  that  if  the  variation?  of  the  ba- 
rometer were  carefully  compared  with  the  diflerent  pofitions 
and  dillances  of  the  heavenly  bodies,  and  particularly  of  the 
fun  and  moon,  it  would  be  found  that  many  c(niriderablc  va- 
riations of  the  Hate  of  the  mercury  in  the  Torricellian  tube 
are  effefted  by  them.     For,  as  the  flux  and  reflux  of  the  fea 
depend  on  the  fun  and  moon,  it  cannot  be  doubted  that  in 
the  atmofphere  of  the  earth,  which  is  much  lighter  than  the 
water  of  the  fea,  movements  ot  the  fame  kind,  which  have 
an  influence  on  the  barometer,  mud  take  place.     The  firft 
experiments  on  this  fubjecl  were  made   about  fifteen  years 
ago  by  the  celebrated  Lambert,  who  employed  for  that  pur- 
pofe  eleven  years  obfervations  of  the  barometer   made  by 
Doppelmayer  of  Nuremberg,  and  compared  them  with  the 
apogeum  and  perigeum  of  the  moon.  He  \^  as  not  able,  how- 
ever, to  obtain  any  certain  refidt^  and  confidered  the  period 
of  the  obfervations  as  too  fliort. 

Toaldo,  who  was  furniflied  with  much  more  abundant 
materials,  refumed  the  fubjeft,  and  by  means  of  the  forty 
years  obfervations  of  the  Marquis  de  Poleni  and  fon,  with 
eight  years  of  his  own,  had  a  feries  of  forty-eight  years  ob- 
fervations. After  a  laborious  compariton  of  theie  with 
the  aplides,  f\zigies,  and  quadratures  of  the  moon,  and 
with  the  pa^Tage  of  the  moon  and  fun  through  the  flgns  of 
the  zodiac,  bethought  he  difcovered  unduubted  proots  of  a 
perceptible  influence  of  the  moon  and  fun  on  the  barometer. 
M.  Frill  of  Milan  endeavoured  to  controvert  this  aflertion, 
which  had  been  the  refult  of  fo  much  labour,  and  maintained 
that  the  variations  of  our  atmofphere  have  no  Inniliiude  to 
the  flux  and  reflux  of  the  fea,  and  can  admit  of  no  compari- 
fon,  as  the  latter  is  regular  and  invariable,  the  former  only 
temporary.  The  flr.x  and  reflux  of  the  fea,  in  regard  to  time 
and  duration,  are  fo  ce;  tain,  that  there  are  tables  of  them 
for  all  the  principal  fea- ports,  which  never  err;  whereas  the 
variations  of  the  atmofphere  are  at  the  fame  time  in  differ- 
ent places,  and  in  the  fame  place  at  diflerent  times,  fo 
great,  that  where  it  rains  at  one  period  for  three  or  four 
months  it  is  fometimcs  as  long  without  rain.  It  fufliciently 
appears  at  prefent,  from  m.arhemaiical  calculations,  that 
during  the  paflage  of  the  moon  or  fun^  from  the. horizon  to 
the  meridian,  the  daily  height  of  the  barometer  cannot  be 
changed  more  than  -'g-  of  a  line^  Paris  meafure,  by  the  efle<Sl 
of  the  former,  and  about  x4o  by  the  effe^:  of  the  latter. 

To  many,  however,  Frifi's  reafons  did  not  appear  fo  con- 
duiive  as  to  make  them  aive  over  their  refearches  on  this  fub- 
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]e6l ;  and  in  particular,  mod  of  the  members  of  our  meteoro- 
Ingical  focicty,  among  v.  horn  M.  Steiglehner,  Planer,  and 
CTiiminello,  have  taken  great  pains.  1  he  firft  fays,  that  he 
found,  bv  feveral  comparative  obfervations,  that  the  greateft 
fall  of  the  barometer  does  nor  happen  in  very  remote  places 
at  the  fame  time,  but  iha-  it  is  earlier  lowards  the  weft^  and 
later  towards  the  eaft,  and  that  the  difference  of  the  time  is 
ner.rly  equal  to  the  difference  of  the  meridians  of  the  places;  an 
aifertion  which  indeed  defervestobe  more  accurately  examined. 
M.  Planer  obferved  the  barometer  for  a  whole  ve?.r,  fix 
limes  e\ery  day,  or  every  fourth  hour  of  the  natural  d:iv,  at 
two,  fix,  and  ten  in  the  morning,  and  at  the  fame  hours 
after  noon;  and  found,  in  general,  that  the  barometer,  be- 
tween ten  in  the  morning  and  two  in  the  afrernoon,  and  be- 
tween ten  at  night  and  two  in  the  morning, was  lefs  in  its 
rifincr,  and  greater  in  its  fall ;  and  that  the  contrary  was  the 
cafe  between  the  hours  of  fix  and  ten  in  the  evening  and 
mornino-.  M.  Chimineilo  oblerved  the  barometer  twenty- 
two  times  a  day  for  three  years,  but  he  left  a  chaim  in  the 
night  which  he  fupplied  bv  calculation.  The  principal  po- 
litions  which  he  thence  deduced,  are,  that  the  barometer 
falls  towards  noon,  as  well  as  towards  midnight  *. 

'*  In  examining  a  f.velve- months'  Regifter,  kept  by  • Dun'^ar,  Efq. 

near  the  banks  of  the  Miffifippi,  in  N,  lat.  31*^  z'6\  and  long.  91**  30-^  W. 
of  Greenwich,  which,,  for  the  greater  facilitv  of  compariion,  1  have  laid 
dc^w:"!,  with  others,  on  a  fcale  in  the  manner  I  have  heretofore  exhinite'd, 
there  occurs  a  remarkable  inftance  of  a  d'umal  variation.  For  the  fpace 
of  about  four  days  before,  and  fix  days  after  the  fumm.er  foiftice,  the  ba- 
rometer regularly  rifes  from  about  g  P.  M.  to  about  6  A.  M  then  falls  till 
the  return  of  the  former  hour  in  the  evening,  then  rifes  again  as  before, 
&c.ia  alterndte  periodi-.  In  the  firft  four  davs  the  dirc6^(on  is  ofccndhig, 
and  the  elevafon  of  a  line  drawn  throiitfli  the  mean  is  about  _1_  of  an 
inch.  In  the  latter  fix  dnvs  the  mean  line  is  perfeftly  horizontal,  the  ele- 
vation each  night  amounting  to  — ^^  and  the  ctpieffion  each  dav  to  the 
fame,  but  occupyi^ig  dooMe  time.  The  times  above  given  ate  thofe  at 
which  the  obfervations  were  made,  but  it  is  pn  babie  that  the  maximum 
and  minim,um  each  day  correfpondcd  rather  with  the  times  of  fun-rife  and 
fun-fet.  The  firil  period  of  four  days  was  dry,  w  ith  a  temperature  of  gz** 
in  the  middle  of  the  dav.  Fhis  ended  in  a  thunder  florm,  on  the  2ifl  of 
the  month,  with  0,82  inches  of  rain.  The  barometer,  after  this,  rofe  _^^ 
in  the  ni^hr,  then  remained  molUy  ftationary,  with  cloudy  weather,  until 
the  evening  of  the  26th,  beginning  a  fecond  period  of  fix  days,  during 
which  brifK  winds  at  S,  S.  E.  and  S.  'VV^  prevailed  with  rain  every  after- 
noon or  evening,  amounting,  in  all,  to  1,7  inches.  Tcinperatiire  85*^'.  The 
whole  occupied  juft  the  fpace  between  full  and  new  moon  ;  and  there  are 
traces  of  the  operation  of  this  periodical  influence  in  other  parts  of  the 
Regifter.  — ' 

I  Ihall  nrt  prefuine,  at  prefent,  to  afcribe  this  rariation  entirely  to  plane- 
tary influence;  but  the  fadts  are  worthy  examination  in  that  refpeft.   L.  H. 
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The  obftrvailons  ofthefe  three  men  aiford  fome  indications' 
of  the  influence  which  the  heavenly  bodies  have  on  the  baro- 
rriCtcr,  and  to  which  M.  Planer  aicribes  part  of  the  effects: 
but  he  is  far  from  proving  this;  for  the  number  of  the  places 
the  obfervatioiis  were  made  at,  which  M.  Steiglehner  com- 
pared, were  not  above  three,  and  confequently  too  few  to  de- 
termine the  queftion.  The  cafe  is  the  fame  with  the  fix  ob- 
ierv-itions  of  M.  Planer,  made  daily,  as  has  been  obferved 
by  M.  Chimincllo.  And  might  not  what  is  afrribed  to  the 
period  of  four  hours  have  happened  in  the  lad  hour,  or  the 
lait  half-hour?  Chiminello's  experiments  are  of  more  im- 
portance, but  for  want  of  night  obfervations  they  are  Itill 
defetlive  and  imperfeft. 

In  this  rcfpc^l,  however,  I  was  more  fortunate,  as  I  had 
an  eafv  and  lure  method  of  following  all  the  variations  of  the 
barometer,  and  even  the  fmalleft,  by  night  as  well  as  by  day. 
I  had  in  mv  poflefiion,  at  that  time,  a  barometer,  belonging 
to  the  Ek&oral  Phyflcal  Mnfenm,  invented  lately  by  M. 
Changeux,  and  called  a  barometrograph,  which  being  con- 
necled  with  a  clock  ihovvs  the  ftate  of  the  mercury  every 
four  minutes,  by  means  of  a  point  impreffed  on  a  moveable 
plate.  I  began  on  the  2iit  of  May  1785  to  make  ufe  of 
this  excellent  inflrument,  and  it  appeared  to  me,  by  repeated 
obfervation,  that  a  continual  variation  took  place  towards 
noon  as  well  as  towards  midnight.  Bv  more  accurate  ob- 
fervation, I  found  that  this  variation  in  the  mercury  conHfts, 
at  Icaft,  in  an  inclination  to  fall.  But  that  I  might  be  more 
certain  in  treating  a  queition  of  fo  much  importance,  I  rc- 
folved  to  conipare  all  the  obfervations  from  the  firft  dav  to  the 
end  of  the  year,  which  are  printed  in  five  volumes  of  our 
Ephemerides.  In  that  time  I  found  that  the  pallage  of  the 
fun  over  the  meridian  by  day  and  by  night  had^aken  place 
446  times,  and  confequently  as  many  variations  of  the  baro- 
meter were  to  be  confidered.  From  the  moft  accurate  com- 
parifon,  the  following  three  rules  prefented  themfelves  : 

lit.  When  the  fun  paflTes  the  meridian,  the  barometer,  if 
in  the  a6t  of  falling,  continues  to  fall,  and  the  falling  is' 
accelerated. 

2d,  When  the  fun  paflcs  the  meridian,  the  barometer,  if 
in  the  art  of  rifing,  falls,  or  becomes  Itationary,  or  rifes  more 
ilcnvlv. 

3d,  When  the  fun  pafles  the;  meridian,  the  barometer, 
which  is  fiaiionary,  falls,  if  it  has  not  rifen  before  or  after 
being  fljtionary;  in  which  cafe  it  ufually  becomes  ftationary 
during  tl;e  fun's  paffage. 

The  firft  rule  had  only  one  exception^  the  fecond  none, 
4  and 
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and  the  third  fix.  The  laft  were  all  in  the  night-time  ex- 
cept one.  On  this  occafion,  the  barometer  during  the  fun's 
paliage  over  the  meridian  Hood  fiiil,  though  it  fell  before 
and  after.  When  thefe  feven  exceptions  are  deducted  from 
the  446  variations  there  remain  439.  which  accord  with  the 
rules.  When  I  fay,  however,  that  thefe  variations  took 
place  during  the  fun's  pafiaae  over  the  meridian,  I  do  not 
mean  by  that  expreffion  the  vcrv  moment  when  the  fun  is 
exactly  in  the  meridian_,  but  the  whole  period  when  he  is 
near  it. 

All  thefe  variations  took  place  between  eleven  o'clock  and 
half  after  one,  confequently  within  the  fpace  of  an  hour  and 
a  half;  except  fix^  five  of  which  happened  half  an  hour  or 
a  quarter  before  eleven,  and  one  about  an  hour  after  noon ; 
which,  indeed,  muft  be  afcribed  to  a  particular  caufe,  which 
either  haftened  or  retarded  the  eiTecl:  of  the  general  caufe.  Of 
the  above-mentioned  439  variations,  54  took  place  after  twelve 
o'clock,  and  all  the  reft  before  onp. 

As  it  is  therefore  certain  that  the  barometer  during  the 
pafTageof  the  fun  over  the  meridian  is  alwavs  inclined  to  fall, 
it  cannot  be  doubted  that  the  caufe  of  fo  invariable  a  phae- 
iiomenon,  which  follows  fo  remarkable  laws,  and  recurs  at 
the  fame  time  under  the  like  circuiEftances,  muft  be  conllant 
and  invariable.  It  is  at  prefent  well  known  that  the  prin- 
cipal atmofpheric  caufe  of  the  falling  of  the  barometer  is 
heat  and  evap  ration.  But  it  appears,  on  clofer  examination, 
that  neither  of  thefe  can  produce  the  phaenomenon  in  quef- 
tion.  What  M.  De  Luc,  however,  fays  ^5  that  the  leaft 
height  of  the  barometer,  when  no  particular  caufe  intervenes, 
always  takes  place  about  the  hotteft  part  of  the  day,  which 
in  every  feafon  is  about  of  the  artificial  day,  might  lead  to 
afufpicion  that  the  fallino;  of  the  barometer  about  noon  pro- 
ceeds from  the  heat.  For,  as  there  is  a  confiderable  increafe 
of  heat  about  noon,  a  perceptible  falling  of  the  mercury  about 
the  fame  tinie  mult  be  connected  with  it,  until,  in  the  above- 
mentioned  part  of  the  (!l^L\\  the  mercury  reaches  its  loweft 
ftate,  and  the  heat  attains  to  its  maximum.  But  if  wc  admit 
that  the  greateil  heat  commonly  takes  place  about  the  '  of 
the  day,  expcrit-nce  forbids  us  to  afcribe  to  the  fame  period 
the  greatelt  faliir.g  of  the  mercury.  I  have  therefore  con- 
ftru6ted  a  table  in  which  the  lowelt  Itate  of  the  mercury  for 
each  day  of  the  month,  between,  noon  and  the  evening,  or 
night,  is  given  from  the  above-mentioned  baromeirographic 

■^  Recherche s  J":;}-  /<fj  Modm:aUoni  de  rAimofpbei-ey\o\-v.  ■;•  94. 

obfervations. 


15^  On  the  Injlifcnce  of  the  Sun 

obfervntions  *.  This  ftate  of  the  barometer  takes  place  when 
the  niercurv  ceafes  to  fall  and  afterwards  begins  to  rife,  or 
before  rifing  is  ftationary.  When  it  docs  not  rife  after  noon, 
but  finks  continually  or  bv  intervals,  the  loweft  Itate  after 
no'jn  muft  be  at  midnight.  The  cafe  is  the  fame  when  it 
iirrt  rifes  after  Roon,  and  afterwards  falls  towards  the  end  of 
the  natural  dav.  But  when  it  continually  riles  after  noon, 
though  this  movement  may  be  interrupted  bv  its  once  be- 
coming flationarv,  the  loweft  ftate  Vv'hen  it  falls  early,  or  when 
this  docs  not  happen,  is  to  be.  confidered  as  taking  place 
about  twelve  at  noon.  When  in  this  cafe  a  frequent  falling 
takes  place  in  the  morning,  I  have  obferved  that  it  was  neareft 
noon  and  ihe  4  of  the  day :  when  the  quiukfilver  rofe  and 
fell  feveral  times  between  noon  and  evening,  I  marked  feveral 
hours,  without  further  examining  at  which  the  ftate  of  the 
barometer  was  loweft. 

Now  it  appears  from  thefe  tables,  tliiat  in  222  days  the 
lowell  ftate  of  the  barometer  correfponded  only  ten  times 
with  the  -l  of  the  day ;  on  the  other  hand,  it  deviated 
from  that  period  ten  times  about  half  an  hour,  at  other 
times  a  whole  hour,  and  often  half  a  day;  and  confequently 
De  Luc's  rule,  at  leaft  according  to  my  obfervations,  is  not 
correct. 

We  may  therefore  afk  thofe  who  afcribe  the  falling  cf  the 
barometr'r  to  heat.  Why  fliould  this  caufe  be  fo  clofely  con- 
fined to  the  period  between  11  in  the  morning;  and  the  middle 
cf  the  firlt  hour  after  midn-o-ht  ?  Why  does  it  not  take  place 
earlier  or  later,  when  the  mercury  rifes  continually  the  whole 
dav,  or  feveral  davs  eitner  fall  a  little  towards  noon,  or  at 
leaft  becomr^  ftationary  or  rife  flowly  ?  and.  Why  does  not 
this  rather  take  place  feveral  hours  after  noon,  the  time  at 
which  the  heat  generally  is  the  greateft  ? 

But  that  heat  is  not  the  caufe  of  this  pha?nomenon  is^p'-oved 
by  the  ftilling  of  *he  mercuiy  at  midnight;  v.  hich  is  no  lA'i' 
common  and  certain  than  the  falling  at  noon  :  on  account  of 
the  cold,  it  ought  then  rather  to  rife  or  to  fall. 

We  may  aifert  the  uime  tliinfr  of  vapour  as  of  heat,  as 
thefe  have  the  ch^Xeft  connexion  with  each  other.  As  a 
certain  accumnlation  of  vapours  dilfolved  in  the  atmofi-shere 
makes  the  air  lighter,  and  obliges  the  barometer  to  fall,  the 
power  with  which  it  a^ls  on  the  inftnmient  nu^.ft  be  in  pro- 
portion  to  its  quantity.     When  it  obliges   the   barometer, 

•  This  table  has  been  omitted  in  this  trarllationjbecaufe  the  refulcs  here 
«iven^e  fufficient. 
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therefore,  to  fall  towards  noon,  why  does  the  latter  fo  often 
rife  afterwards?  What  t'len  leiTens  the  quantity  of  thefe 
vapours  when  the  heat,  which  by  its  nature  promotes  their 
folution,  ftill  increafes,  or  at  any  rate  does  not  become  lefs  > 
How  does  it  happen  that  the  barometer  fails  in  the  night  ?  as 
about  that  time  the  vapours  are,  for  the  mod  part,  precipi- 
tated from  the  atmofphere.  Why  do  they  exercife  the 
greateft  force  exacllv  at  midnight?  and,  By  what  law  of 
nature  are  they  more  connected  with  that  than  with  any 
other  period  ? 

It  mav  here  evidently  be  fcen,  that  the  conftant  falling  of 
the  barometer  about  noon  and  midnight  can  be  occaiiuncd 
neither  bv  heat  nor  byth.e  eftVct  of  vapours. 

Befides  thefe  two  caufes,  and  the  winds,  we  are  acquainted 
with  no  others  in  our  atmofphere  which  can  make  i\\q  baro- 
meter to  fall.  But  as  the  wind  often  becomes  calm  about 
noon  and  midnifrht,  or,  when  it  blows,  is  of  fuch  a  nature 
that  it  does  not  make  the  column  of  air  which  preffes  on  the 
barometer  lighter,  it  is  evident  that  the  falling  of  the  mer- 
cury about  thefe  times  cannot  arife  from  the  wind. 

Wb.at  then  remains  but  to  feek  without  our  atmofphere 

for  the  caufe  of  this  ph£eiiomcnon  r    It  is  evident  that  it  is  to 

be  found  in  the  fun;    for,  as  by  its  attraction  it  moves  the 

water  of  the  ocean,  it  muil  exercife  a  ftill  ftronger  a6lion  on 

the  column  of  air:   and  from  what  is  known  rtfpecting  the 

flux  and  reflux  of  the  fea,  the  whole  phsnomenoa  may  be 

eafilv  explained.     In  the  tirft  place,  as  the  atmofpheric  flux 

and  reflux  themlelves  mult  depend  on  the  fun's  paflage  over 

the  meridian,  it  miift  alfo  take  place  both  at  the  diurnal  and 

the  nocturnal  palTage  of  the  fun  ;  becaufe  the  flux  and  reflux 

of  the  atmofp'iere,  like  thofe  of  the  fea,  muft  happen  at  the 

fame  time  on  oppofite  iides.of  the  tenefiiial  hemifphere.     In 

the  laft  place,  the  atmoipheric  flux  which  produces  the  falling 

of  our  barometer  is  only  an  eiT-^cx  o't  the  flux  which  takes 

place  between  the  tropics,  where  the  air  during  the  paflage 

of  the  fun  afcends,  and  therefore  proceeds  thence  from  u>^, 

as  happens  in  all  the  tides  of  the  fea  which  lie  beyond  thefe 

circles.     That  thefe  tides,  which  arife  bv  communication,  are 

tranfmitted    more  fpeedily  and  bv  a  longjer  duration  in  the 

atmofphere  than  in  the  ocean,  may  be  concluded  from  this 

circum.ftance,  that  the  particles  of  the  air  have  lefs  gravity 

and  lefs  mutual  adhciion. 
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XXVI.  Letter  from  L.  \V.  Dillwyn,  :E,fq.  to  W.  H. 
Pepys  jwi.  Eijq.  rcfpcci'ing  the  Eff'eds  of  the  Oxj'muriatie 
Acid  on  the  Grozutb  of  PL-nts*, 

My  dear  Friend^  Higham  Lodge,  Sept.  7,  rSoi. 

J-  HE  few  experiments  T  made  on  the  effe^tis  of  the  oxy- 
Efcnated  muriatic  acid  on  the  growth  of  plants,  I  conceive  to 
be  too  inligniiicant  to  merit  much  attention  :  however,  at  thy 
dciire,  I  here  relate  them,  and  give  thee  the  few  thoughts 
that  have  occurred  refpecStino-  them. 

From  v/hat  M.  liuniboldt  afferts  refpecting  raifing  feeds 
fo  verv  rapidly  bv  means  of  the  oxymurladc  acid,  the  quef- 
tion  occurred  to  me,  whether  it  might  not  be  fuccefsfully 
tifed  for  rniiino;  early  crops  of  muftard  and  crefs,  radiflies, 
&c.  and  therefore  earlv  in  March  I  fowed  two  patches  of 
each  (as  well  as  of  fome  other  plants)  in  a  flieltered  lituatioii 
in  the  open  air,  and  kept  one  of  each  conftantly  moid  in 
the  common  wav,  and  the  other  with  a  mixture  of  one  large 
tea-fpoonful  of  oxvmuriatic  acid  to  a  pint  of  water ;  and  in 
no  inftance  did  there  appear  to  be  any  difference  with  refpe<9: 
to  the  time  of  crermination. 

I  then  tried  the  fame  experiment  on  two  pots  of  balfams 
in  a  hot-bed,  and  alfo  on  fome  coxcombs.  Thofe  balfams 
moiftened  with  the  diluted  oxmmriatic  acid  all  cune  up  in 
90  hours,  whihl  none  of  the  others  appeared  till  near  30 
hours  after;  and  the  combs  came  up  about  in  the  fame  pro- 
portion. I  fliail  next  give  the  particulars  ot  an  experiment 
I  made  in  warmer  weather  in  the  open  air.  On  the  2d  of 
Mav  I  let  four  different  lots  of  garden  beans,  with  three  in 
each  lot,  in  the  following  manner : 

Lot  I.  I  foaked  in  24  drops  of  oxymuriatlc  acid,  diluted 
with  two  large  tea-fpounfuls  of  water,  for  feven  hours,  and, 
immediately  before  1  took  them  out,  added  fix  drops  of  acid 
more. 

Lot  2.  I  foaked  in  tvrclve  drops  of  acid  and  two  fpoonfuls 
of  water  for  the  fame  time,  and,  immediately  before  1  took 
them  out,  added  three  drops  more. 

Lot  3.  I  foaked  for  the  fmie  time  in  plain  water. 

Lot  4.  were  not  foaked  at  all. 

Thefe  were  then  all  planted  at  the  fame  depth  in  a  fheltered 
border,  and  lots  i,  2,  and  3,  kept  conftantly  moift  with  oxy- 
niuriatic  acid  diluted  with  water  in  the  proportion  of  one 
large  tea-fpoonful  to  a  pint. 

On  May  13,  one  of  No.  2  came  up,  and  on  the  morning 
of  the  [4th  one  each  of  Nos.  i  and  3,  of  which  No.  i  was 
"  CoiiMivoaicned  by  Mi".  Pepys. 

forwardefl ; 
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forwarcloll;  and  in  the  courfe  of  the  dav  the  others  of  lots 
I,  2,  and  3,  appeared.  On  the  i6th  thev  all  looked  finely  • 
but  thofe  of  lot  i  were  largeft,  and  thofe  if  lot  2  larger  than 
lot  3  :  thofe  o\  lot  4,  which  were  kept  watered  wifh  -daia 
water,  did  not  come  up  till  the  18th,  or  perhaps  one  of  them 
on  the  evennig  of  the  17th.  On  June  5  thev  were  all  nearly 
tul  y  grown ;  but  thofe  of  No.  1  were  confiderablv  (hinted, 
and  thole  of  lot  2  lomewhat  fo,  and  neither  of  them  were  fo 
fine  as  thofe  of  lots  3  and  4. 

In  the  latter  end  of  fprinjr  and  beginning  of  fummer  I  tried 
the  lame  experiments  on  fome  other  plants,  but,  from  not 
being  conltantly  at  home,  could  not  make  them  with  fuffi- 
cient  accuracy;  however,  enougii  fo  to  determine  that  thofe 
moiltened  with  dilute  oxvmuriatic  acid  came  up  firlL" 

In  the  experiment  on  the  beans,  we  find  that  thofe  foaked 
ana  moiftened  with  the  dilute  acid  came  up  fome  days  before 
thofe  that  were  only  watered  in  tl)e  common  wav,  and  that 
thoie  which   had  the  m)ft  acid  at  firil  were  thc'forwardeit 
and  apparently  moft  flourilhing  plants,   though  afterwards 
they  the   moft  rapidly  dechned ;    and  therefore    I   conclude 
(though  more  experiments  are  wanting  on  this  fubica  pofi- 
tively  to  determine),  i(t.  That  the  diluted  oxymuriatic  acid 
o«/;Mn  a  certain  temperature  hath  the  eflba 'of  promotincr 
an  earner  germination  of  feeds  than  would  otherwife  tak? 
place  :  and,  2d,  From  the  plants  at  'aril  crowine  more  rapidly 
inan  thole  watered  in  the  common  way,   but.  afterwards  de- 
clining fo  as  to  be  furpaffed  by  them,  that  the  oxvmuriatic 
acid   poiledes  na  nutritive  quality,   but  aclis  merely  as  a  fli- 
mulus,  and  therefore  cannot  be  applied  advantao-eoufiy  to  the 
purpofes  of  horticulture.     I  am  very  truly  and  rlffpedfuh'y 

Thy  fincere  friend, 

L.  W.  DlLLWTN. 


XXVn.   Obferi'atkns  on  the  Quejlion,  whether  mixed  Mctah 
caji  he  d'ljl'mguijhcd  hy  the  Smett.    By  M.  Bcettiger*.* 

VV  ERNERf,  Wiedemann,  and  other  chemifts,  place 
Imell  among  the  external  charaders  of  foflils.  They  divide 
minerals  into  odorous  and  inodorous,  and  make  the  fi'rft  clafs 
to^confiftoffvvine'sftone,  fome  other  earthy  bitumens,  and 
luiphureous   and  arfenical  pyrites,  which  when  rubbed  or 

y  J  T!?^^  ^^P^""  ^'^  appeared  in  the  German  M  rcury.  publi.'htd  by  Wic- 
land,  Marcn  1800:  it  was  afterwards  inferted  in  the  Mayafin  Encvcto^ 
pfdique.  No.  10,  an.  10,  from  which  we  have  tr.:.nnattd  ir. 

t  Sur  les  Caraacre?  extcrieurs  des  Foffiles,  §  204,  p.  joSo.    Lenz; 

ftruck 
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llriick  exhale  a  certain  odour.  The  antlents  were  acquainted 
"viith  the  fmell  of  the  femi-metals,  experiments  on  which 
were  made  by  Bo\  le.  But  I  do  not  find  in  any  of  the  mine- 
ralogical  works  of  the  moderns  that  the  purity  or  alloy  of  the 
noble  ireta!?,  fuch  as  gold  and  filver,  can  be  afcerlained 
mcrelv  from  the  external  character  of  fmell.  Amono-  the 
antients,  hov^ever,  fmell  was  a  principal  character  of  metals. 
The  fmefl  compofitions  were  diftincruiflied  merely  by  their 
odour.  Arrian  on  Epi6letus  '^  fiys  exprefsly  that  an  expert 
money-changer  (banker)  muft  neceflarily  have  the  fenfe  of 
fmelling  in  an  exquihte  degree.  "  Behold,'*  favs  Epictetus, 
*'  in  money  affairs,  v\hen  our  intereft  is  concerned,  the  art 
which  has  been  invented,  and  the  means  which  the  chanaer 
employs  to  try  the  money.  He  tries  them  by  the  figlit,  by 
the  touch,  by  the  fmeil,  and  even  by  the  hearmgf;  for  he 

throws 

*  I.  20.  p.    1 10.  edit,  of  SchweighaufiT. 

f  And  whv  not  by  the  ta'te  ?  to  go  through  the  whole  circle  of  tlie 
origans  of  fenie.  This  method  was  alio  known  to  the  antients  Tiie 
ufe  of  the  touchltone, //2/'/j  L>v//V^i  (fee  Theocritus,  xii  -6;  and  Plinv, 
xxxiii.  8.  with  obftrvHtinns  bv  M.  Schneider.  Anale^a  ad  H'jhriavi  Rd 
Mf  rJf'ra,  p.  3.\was,  however,  the  moft  common  method  of  trving  gold, 
which  when  it  had  undergone  this  teli  was  cai]L.d  cbryz.r<m.  PHny  fpcaks 
alfo,  in  the  place  above  quoted,  of  trials  by  fnlion.  There  is  a  curious 
paffat'e  in  Heodotus,  vii.  10.  refpefting  the  true  meaning  of  which 
mineralo^ills,  in  m.v  opinion,  have  not  yet  agreed.  Artubanus  faid  to 
Xerxes  before  the  Perfrans  aflembied,  that  pure  gold  could  be  diftinguilhed 
by  rubbing  it  againft  other  gold.  WelTeling,  p.  3  12.  30.  confidcrs  this 
idea  fo  ablurd,  that  inftead  of /o  r^^  (7r:^paTp^^j/a'•ME»)  he  prefers  reading  to 
comtare  (^c-vymmrM) .  Larcher,  in  his  trv.mlaticn  of  Heroditus,  vol.  v. 
p.  272,  adoptb.  in  part,  the  opinion  of  WeflTeling  on  this  pafiage  :  he  fays 
the  word  in  the  Greek  text  is  TrajaTp; J stjusv.  But  it  is  nut  bv  rubbing  gold 
acxainlt  gold  that  we  cnn  dillinuviilli  wnich  is  the  beft :  !  do  not  therefore 
hefitate  to  adopt  the  re?.ding  of  Sancroft's  manufcript,  ETreav  Js  irfpw  iTvy.t^\.- 
vwat,  which  indicates  the  only  manner  of  alcertaining  pure  goid  before  the 
ufe  of  the  touchftone  was  known.  I  confefs,  however,  that  vafa.Tpii'^^f/.sv 
has  always  appeared  to  me  preferable,  becav^c  <rir/y.:tiy:Tai  has  the  appear- 
ance of  an  interpolation,  and  mav  have  been  fubfi.ituted  by  fome  one  who 
did  not  u.-derftand  the  other  word  My  opinion  is  confirmed  by  C.  Girod- 
Chantram,  who,  when  coGfuhed  on  this  pafTasje,  declared  that  it  might  be 
retained  without  any  cbange,  be::  ufe,  pure  gold  being  fofter  than  that  al- 
loyed with  copper,  the  leaft  pure  metal  muft  make  an  impreffion  on  the 
ether,  and  tl.us  atfijra  the  means  of  afcertaining  it.  The  proof  of  this 
allertion  v.as  eftabiilhed  at  the  time  when  it  was  propofed  to  the  National 
Convention  to  coin  new  n.oney  m  France  wit. .out  any  alloy.  The  advan- 
tages of  this  method  ware  found  to  be  counterbalanced  bv  lome  incons'e- 
hiences,  one  of  which  was,  that  fr  6tion  is  more  deftruttive  to  pieces  of 
pure  metal  than  to  thoff  the  hardnefs  of  which  is  increafed  by  alloy — Rafi- 
tort  par  Lq-.fd,  Sept.  1 5,  i-^q?.  The  National  Convention  charged  the 
Academy  of  Sciences  to  make  experiments,  which  fu!lv  confirmed  the 
eff-ft  m  regard  to  continual  friction  on  pure  and  alicyed  metals,  "  It 
thence  refuked,"  fay  the  commilhoners  in  their  report,  *'  that  the  lofs  ex- 
perienced 
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throws  the  money  on  the  ground  and  remarks  the  found.  He 
13  not  even  conienied  villi  iounding  it  once  or  twice,  and  the 
great  attention  heemplovs  render-  him  amulician/'  However, 
as  the  ancients  generally  employed  tl-.e  pu.elt  p;oid  for  coinino* 
moneys,  it  appears  that  the  proof  b\  ImtrJlintr  did  not  relate 
to  pure  gold  and  filvcr,  but  to  the  ignoble  mctafs  wljich  mi^ht 
have  been  mixed  with  taem.  For  all  the  pafl^gcs  of  antient 
authors  which  fpeak  of  ihe  fmell  of  meialr  t  allude  to  an  ar- 
tificial compulition  which  could  be  diftincruifhed  by  its  odour. 
It  appears  that  it  was  in  particular  the  compofitionfof-jolifhly 
fought  after  by  tiie  Romans,  to  which,  bv  wav  of  preference, 
ihey  gave  the  name  of  Corinthian  braf-,  and  which  they 
made  ufe  of  for  diinkiug-cups  and  their  moft  valuable  table 
fervices.  We  mutt  no  doubt  rank  among  this  numl)er  the 
pretended  vafa  BiUiaca  whicii  Alexander  the  Great  fuimd 
among  the  efre(::l:s  of  Darius,  and  which  beino-  com^poled  of 
bronze  brought  fr  )m  India  could  not  be  diiiinguiihed  from 
gold  but  by  the  fmell  %. 

I  am  acquainted  with  two  other  paflages  which  this  remark 
may  ferve  to  explain.  Martial,  in  the  6oth  epigram  of  his 
ninth  book,  defcribes  a  fwagjxering  fellow,  who  havino-  a 
great  delire  to  purchafe,  but  an  empty  purfe,  haralTcd  the 
toymen  of  the  Campus  Martins  or  Septum  at  Rr)me  by  al- 
ways cheapening  and  never  bu\  ino;.  l"he  p'>et,  bcfides  other 
things,  fays  of  hiu^,  "■  He  confults  his  nofe  refpectinfr  the 
fmell  of  Corinthian  brafs  §.'*  " 

Cicero,  in  his  Paradoxes,  fpeaks  of  the  connoifieurs  of  his 
time  who  purchafed  Corintliian  bronzes  with  inciedibic  avi- 
dity, and  in  examining  them  employed  all  their  knowledo-e 
in  the  arts.  He  exhibits  one  of  thefe  han2:hty  Romans  in 
the  attitude  of  examining  with  great  earn'^ftnefs  a  nio-ht- 
chair  of  Corinthian  brafs  j|  ;  for  night-chairs  were  made  of 
the  mod  precious  metals  in  thofe  periods,  when  gold  was 

perienced  by  p.eees  of  nne  filyer  in  circulition  compared  with  that  of  al- 
loyed filver  would  be  nearly  in  the  ratio  of  3  to  z;  and  that  of  pure  gold 
compared  with  alloyed  gold  wo-.ild  be  as  7  to  3 ." — Rapporf  de  Loyjrl,  p.  ig. 

"^  At  the  conimencement  of  the  17th  century,  Louis  Savot  explained 
exceedingly  well  the  mctallurgic  pirt  of  numifmatlcs  in  his  D'lfcovrs  /ur 
les  Mcdaiilci  antiques,  infected  in  the  nth  volume  of  ^^■xy'\\x%\~TbefauTUS^ 
See  Eckel. 

t  DoSirhta  num.  'vct'  torn.  i.  p.  22.  See  Cifaubon  on  Suetonius  in  the 
Life  of  .Veipafian',  c.  23  ;  Beckmanon  Ariftot.  Mirabil.  aufcuk,  c  I.  p.  99, 
100;  and  ins  Hiftory  of  Inventions,  vol.  i;i. 

+   Arirot.  Mirabil.  aufcult.c.  1.  p.g';*. 

§  Conluiuit  nares,  an  olercnt  a;ra  Corinthon. 

II  Parad.y.'w-  Si  L.  iVIummius  aliquem  iftomm  videret  matellioncm 
Corinthiunn  cupidiirime  trailantem. 

Vol.  XI,  lis  fometimes 
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fometlmes  cheaper  than  fiKcr*,  and  wlien  Corinthian  brafs- 
fold  at  a  higher  price  than  either.  The  wit  of  this  pall'age  is 
entirely  loft,  if  we  do  not  fuppofe  that  the  connoifleur  exa- 
mined the  value  of  the  bronze  and  of  the  veilel,  bv  hoklins; 
hjs  noie  over  it. 

This  circumftance,  on  various  accounts,  deferves  to  be  care- 
fully examined  by  our  metallLirgills.  The  firft  queition- 
wou !u  be,  to  know  whether  copper,  mixed  with  other  metals, 
can  really  be  diftinguiflied  by  the  fmell.  A  late  French  tra- 
veller afcrihec  lo  the  inhabitants  of  one  of  the  Kamtfchatdale 
ifles  fo  acute  a  Imell,  that  thev  were  able,  he  favs,  to  diftinguiih 
by  it  immediately  copper  alloyed  with  goldf.  The  fecond 
would  be,  to  know  the  nature  of  this  alloy. 

The  queiii  n  refpeCting  the  manner  in  which  the  Corin- 
thian brafs  was  mixed  and  fufed  with  gold  or  filver,  has  never 
yet  been  iinally  determined.  Wiegleb  Xi  ii"cl  other  chemifts, 
made  experiments,  by  fufiuo'  fome  pieces  of  anticnt  bronze; 
but  even  if  they  could  Ihow  with  precitlon  the  manner  of 
mixing  them,  their  experiments  would  ftill  be  doubtful,  be- 
caufe  the  antients  were  acquainted  with  feveral  bronze  mix- 
tures § ;  and  confequentlv,  when  they  fufed  antient  bronze, 
they  were  not  certain  of  its  being  Corinthian  brafs. 

Addition  by  the  French  Trariflator, 

Having  thought  it  of  importance  to  give  particular  intereft 
to  this  paper,  by  fubmitting  it  to  fome  celebrated  metallur- 
gift  at  Paris,  I  begoed  C.  Gillet  Laumont  to  communicate 
to  me  his  ideas  on  the  queftion  propofed  by  M.  Boettiger : 
^'  Whether  copper,  mixed  with  other  metals,  can  be  diltin- 
guidied  bv  the  fmell,  and  to  determine  the  nature  of  that 
mixture.''  He  was  fo  obliging  as  to  give  me  the  following 
anfwer: 

*^  Several  met:ils  have  a  fmell  which  is  peculiar  to  them  : 
that  of  iron,  lead,  tin,  and  in  particular  copper^,  may  be  di- 
ilinguiihed  ;  and  there  can  be  no  doubt  that  alloys  compofed 
of  thefe  metals  muft  emit  different  odours.  But  the  fenfe  of 
fmelling  among  mankind  in  a  civilized  ftate  being  lefs  perfect 

*  Pliri'  lib.  xxxiii.  12.     See  Caylus  Recue'il  d  Ant'iqiiitss.,  vol.  ii.  p.  309. 

+  SeeCrolct  Nci-'jedu  VAU^e  a  la  Mer  du  Sud.     Paris,  1783,  p.  25'j. 

%  A^a  Acaden.iiae  Moguntinae,  1777,  p.  50. 

4  For  f  sample,  onchaUum,  ele£iru7n,  ike.  There  ftil"l  exift  a  great 
many  medals  of  sk.driim. 

y  It  is  often  necclTary,  in  order  to  call  forth  their  odour,  to  nib  them, 
or  ?.t  jcart  to  examine  them  at  a  degree  of  heat  equal  to  that  of  the  huniaa 
body.  Care  muft  be  taken,  in  particular,  to  leave  a  fufncient  interval  be- 
tween each  experiment,  that  the  organs  of  fmeJi  may  be  entirely  freed  from 
the  leofatioas  produced  by  the  picwtdii:^. 

and 
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and  lefs  conltant,  there  are  certainly  many  emanations  which 
man  cannot  catch,  or  which  would  re.j.iire  a  particular  itudy 
w  hich  it  is  feldom  his  interell  to  apply  to. 

It  is  poflible,  alfo,  that  fome  perfuns,  highly  favoured  by 
nature,  might  acquire,  by  long  habit,  an  exact  knowledge  of 
the  quantity  of  copper  that  exifts  in  any  alloy ;  but  it  is  cer- 
tain that  thefe  perfons  could  not  communicate  to  others  at  a 
diftance,  or  perhaps  even  preTent,  the  kind  of  lenfations  which 
ihey  experience,  and  their  different  modifications,  according 
to  the  nature  and  proportion  of  the  mixtures.  • 

The  means  of  dirtinguifliing  alloys,  and  the  proportion  of 
alloys,  by  the  help  of  fmell,  appear  then  to  me  to  form  a  fe- 
condary  characler,  which  ought  not  to  be  neglected,  and 
which,  in  certain  individuals,  ma\ ,  by  habit,  be  brought  to 
perfeftion,  but  which,  as  it  cannot  be  eaiilv  communicated, 
can  never  become  an  eirential  and  comparative  charatSter. 

It  is  pofiible  that,  in  the  time  of  Alexander,  among  the 
means  eaiilv  put  in  practice,  that  of  fnicll  v/as  the  furelt  for 
diftinguilhing  the  Indian  vales  of  bronze  from  tnofe  of  gold. 

In  regard  to  the  paflage  of  Herodotus,  where  it  is  faid 
^^  that  pure  gold  was  diftinguidied  by  rubbing  it  againft  other 
gold,"  it  appears  to  me  that  the  word  -/tocpctTp.-^^  cev  muft  be 
retained,  but  the  word  again  ft  ought  to  be  chimi^^^id  into  hy 
the  fide  of.  The  palTage  then  becomes  clear,  and  only  fup- 
pofes  the  emplovment  of  a  hard  body  proper  f  ;r  retaining 
the  traces  of  thefe  metals.  This  explanation  aliudts  to  that 
kind  of  proof  llill  practifed  by  our  goldfmiihs,  wlih  plates 
of  metals  alloved  in  known  proportions,  whiLh  are  called 
teft  plates  ;  but  to  be  certain  of  their  aiiay,  they  make  vSkl  of 
a  toach-ftone ;  that  is  to  fay,  a  common  black  ftone,  not  fuf- 
ceptiblc  of  being  attacked  by  the  acids  which  thev  pour  upon 
it,  to  afcertain  the  degree  of  alteration  in  the  traces  left  by 
the  alloys. 


XXVIII.   ^ome  Ohfer'valions  on  the  Agitations  of  the  Lake  of 
Derivent  fi'ate?',  and  its  foaihig  Ijlaiids,       Bj  a   Corrs- 
fpondeiit* 

To  the  Editor  of  the  Phdofophlcal  ^Jagazine. 

PKcfVick,  Oftobcr  7,  t^oi. 
ASSING  throuirh  this  place  uith  little  time  to  fpare 
from  purfuits  not  philofo])hicai,   I  can  only  obtain  imperfect 
information  about  lome  curious  phcenomena  hitherto  but  little 
noticed  J  by  fome  as  little  regarded  as  tales  of  enchantment. 
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and  as  little  undernood  bv  oihefs  as  the  moving  of  the  waters 
of  the  pool  of  Bethefda. — I  mean  the  agitation  of  the  lake  of 
Dervvent  water,  and  its  floating  idands.  Pennant  fays,  the 
water  of  Derwent  water  is  fubjt6l  to  violent  agitations,  and 
often  without  anv  apparent  caufe,  as  was  the  cafe  this  dav : 
the  weather  was  calm,  yet  the  wavbs  ran  a  great  height,  and 
the  boat  was  tofled  violently  with  what  the  people  in  the  neigh- 
bourhood called  a  bottom  wind.  DAlton  favs,  Darwent  lake 
is  up'itated  at  certain  times  during  al 'calm  feafon,  bv  fome  un- 
known caufe.  Mr.  Crofsthwaite  has  been  afliduous  in  ob- 
fervins  anv  circumftance  that  might  lead  to  a  difcovery  of 
the  caufe;  but  his  rcfult  is,  that  nothing  has  occurred  yet  to 
throw  li2:ht  on  the  fubjea.  He  then  gives  various  dates 
when  the  lake  was  diituri;ed  ;  amongft  the  reft  he  fays, 

Aue.  9^  1789.  The  lake  in  very  great  agitation,  \x?hite 
breakers  upon  large  waves^  6rc.  without 
wind. 

0&..  i792«  The  water  much  agitated. 
INIy  informant,  a  boatman  of  the  name  of  Walker,  favs  he 
has  frequented  the  lake  for  about  27  years,  and  heard  of  per- 
haps 13  iilands,  though  previous  to  that  time  for  20  years 
none  had  appeared.  One  role  lafi:  year,  and  two  this  -year, 
which  came  up  within  two  davs  of  each  other.  The  lirll 
rofe  the  uth  of  September,  and  part  funk  the  27th  of  the 
fame  month.  Sometimes  one  comes  up  and  is  down  aa'ain  in 
24  hours,  and  fometimes  they  ftay  two  months.  One  of 
them  in  the  year  1798  was  180  yards  long,  50  yards  wide, 
and  [laid  at  the  top  of  the  water  fix  weeks.  One  was  pierced, 
and  found  feven  yards  thick.  They  frequently  burit,  and  are 
rent  fo  vvidt-,  that  boats  can  fail  up  and  land  paifengers  at  the 
edc^es  of  them,  to  walk  about  on  the  ifland.  One  W'as  a  foot 
bi-rh  perpendiciilar  of 'lahcl' above  the  level  of  the  water. 
Thev  are  connected  always  by  one  fide  to  the  grafly'turf  at  the 
edses  of  the  lake.  When,  within  a  few  days  after  their  firft 
aopearance,  a  pole  is  run  three  to  fix  feet  into  them,  and 
drawn  out  again,  the  air  for  feveral  feconds  bubbles  up  like 
a  pot  boiling  violentiv  ;  a  fmell  arifcs  like  ciunpovvder^  and  it 
has  been  faid  that  vvith  a  candle  you  might  light  a  bottle-full 
that  was  once  colle(!:l:ed.  I  was  this  day  rowed  to  one,  a  part  of 
which  continued  above  the  water,  which  gradually  ."deepened 
all  round  it,  and  found  it  of  an  oval  ihape,  about  ic  yards  liy 
five  yards.  The  top  was  a  fine- firm  mud,  thick  fet  with' a 
yonng  aquatic  plant  I  did  not  know.  We  puflied  the  boat- 
hook  about  four  feet  into  it.  The  firfi;  part,  about  two  feet, 
appeared  all  mud,  then  Icf^  firm,  and  full  of  partialb'-decaved 
leaves  aud  roots  of  trees  and  plants  5  the  water  bubbled  up  for 

a  fev^ 
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a  few  feconds  about  two  inches  high^  occafioned  by  the  air 
that  followed  the  hook  out. 

The  riling  of  thefe  iflands  is  always  accompanied  with  a 
botioni  wind  ;  vet  the  bottom  wind  appears  freqnentiv  with- 
out them  ;  and  generallv  after  a  month  m-  fix  wee-ks  cf  dry- 
weather  the  lake  is  fometimes  partially,  fometimes  wholly- 
agitated,  accompanied  by  a  roaring  noife  (the  probable  ef- 
fccls  of  echo  in  a  calm  in  that  fituation).  The  waves  are  not 
long  and  rolling,  but  iircsular  ihaped  like  mountain's,  20 
inches  to  two  feet  in  height,  like  water  jumbled  in  a  tub  ; 
thev  frequently  ftrike  the  boat  like  a  rock,  and  break  in  fpray 
from  head  (o  fiern,'  not  always  when  it  is  perfectly  calm,  but 
alfo  with  a  gentle  breeze,  barelv  enough  to  ripple  the  furface. 
They  frequently  indicate  a  change  of  weather  from  fair  to 
rain,  and  the  PTeateil  deo;rec  of  a^iitation  is  alwavs  in  the 
deepelt  water. 

Having  thus  minutely  defcribed  all  the  particulars  I  have 
time  to  colkiSt^  I  ihall  leave  it  to  others  to  find  a  better  ex- 
planation than  the  following.  When  we  confider  that  half 
the  bottom  of  the  lake  is  covered  with  a  fine  mud  impervious 
to  air,  refting  upon  half-putrid  vegetable  mattery  that  being 
attached  to  the  Hoping  banks,  all  a:r  that  is  generated  will 
endeavour  to  rife  to  the  higheft  part,  but  cannot|then  get  out ; 
that  ffreat  part  of  the  bottom  is  a  clean  bed  of  pebbles  and 
fiones^ pervious  to  air;  thattlie  iflands  begin  to  rife  generally 
in  from  9  to  12  feet  water,  and  are  of  confiderable  furface; 
that  they  have  been  meafured  21  feet  thick,  with  clear  water 
under  them ;  and  that  the  mod  violent  eflecls  have  been  in 
the  fummer  months^Is  it  not  probable  that  the  air  fet  at 
liberty  by  putrefaAion  is  enough  to  raiie  thefe  large  maiTes, 
fo  thick,  and  fo  little  heavier  than  water  it felf 3  to  contraci 
and  expand  their  extremities  enough  to  give  the  violent  and 
irregular  motion  to  the  fu  perineum  bent  waters,  by  the^r 
fiowinn-  off,  their  rcfiux, and  their  breakine;  through — and  that, 
more  or  lefs,  whether  they  rile  to  the  fu  lace,  or  only  partpf 
the  wav^,  to  find  their  equilibrium  in  the  furrounding  fluid  ? 
Wifhing  our  ignorance  of  the  caufe  of  this  curiolity  of  our 
own  country  may  foon  be  removed,  and  wiibmg  fuccefs  to 
every  inveiiigation  of  the  ph::enomena  of  nature,  I  will  coii- 
clude  with  the  ngnature  of 

D.  I.  P, 
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XXIX.     Difcr'ipticn  of  a  nezu  U^nter  Engine,  hrjejited  bv 
Dr.  V'  EST,  of  the  Ijl  aid  of  Ja?nMca  *. 

1  HE  fcrew-pipes'fl  and  b  (fee  Plate  V.  fig.  i.)  turn  in 
different  dirf  ctions,  and  the  area  of  tlie  li)\ver  muit  be  to 
that  of  the  upper  in  the  mi'erfe  ratio  of  the  perpendicular 
heights,  and  as  much  more  as  will  be  neceflary  to  overcome 
the  fri6tJon.  Tiie  pine  h  ought  to  widen  a  little  from  below 
upwards,  in  order  to  accommodate  itfelf  to  the  falling  water. 

Jf'orking  f  the  Engine. 

The  valve  of  the  pipe  a  at  its  upper  orifice  c  being  opened, 
(while  the  cup  or  bafony  is  fupplied  by  any  Itream  of  water, 
a  part  of  which  is  wifhed  to  be  raifed  to  a  higher  elevation.) 
the  pipe  a  mu(l  be  filled  with  water.  It  will  continue  fuH, 
though  its  lovv^r  orifice  be  open,  if  the  valve  fit  clofe ;  and, 
water  continuing  to  be  poured  into  the  cupy"from  the  pipe  d, 
if  a  motion  on  the  axis  be  then  communicated  to  the  pipes 
in  a  direction  oppofite  to  that  of  the  fteam  ifluing  at  e,  the 
whole  will  continue  to  move  round  folons;  as  water  is  fupplied 
by  the  pipe  d,  and  part  of  the  water  will  afcend  in  a,  and  be 
delivered  into  the  upper  circular  gutter  gy  g. 
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XXX.  Dfcripimi  of  a  ne^ju  HjgromeUr, 
SIR,  To  Mr.  Tilloch, 


HEREWITrl  enciofe  a  fcheme  for  an  hvgrometcr,  which 
appears  to  me  to  be  an  improvement  on  the  common  (oat- 
beard)  hygrometer  in  fomc  refpctls,  though,  being  more 
complex,  it  is  more  likely  to  be  out  of  order.  I  have  madefe- 
veral  of  them,  and  find  thev  act  tolerably  well.  Should  you 
think  the  invention  worth  noticing  in  your  publication,  you 
are  welcome  to  make  what  ufeof  the  paper  you  think  proper. 
Two  other  kinds  of  hvcrrometers  I  have  alfo  made,  but  thev 
do  not  anfwer  fo  well  as  I  think,  with  fome  improvement, 
they  might  be  made  to  do.  In  one  the  index  moves  under  the 
fpirals  of  a  watch  fpring,  by  which  the  number  of  revolutions, 
may  be  reckoned  ;  on  account  of  the  llifihtfri  of  tl^e  ftcel,  the 
index  does  not  move  with  freedom.  In  the  other  the  index 
n)oves  between  the  coils  of  a  piece  of  paper  cut  in  a  fpiral 
form,  on  which  paper  are  iigures  marked  to  regiiler  the  place 

*  Camm'ur--carcd  by  Mr.  %o\y  rtfon  Buchannan,  engineer.  Glaf-ow. 

it 
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Befcr'iptlon  of  a  new  Hygrometer,  I ^7 

occafioned  by  the  oat-lxard  hav,ng  inore  than  o«.  turn 

twill  ia  its  courle  fro.n  svct  to  drv.     I  '''X'2h\Xr^■^i■^^, 

Your  very  nunioie  :5Lr\aiii, 

'  B.  M.  FOBSTER. 

Befcriptkn  of  the  Winding  Oat-beard  Hygrometer. 

The  principal  diftbrences  in  this  hygrometer  from  thofe 
i,rna!k-  made  of  oat-beards  are  the  follo-.vmg : 

The  ^2  ated  circle  (Hate  V.  fig.  2)  .s  numbered  com- 
pMv%,^'ul,  inrtead  of  i.//Vo„»<^  each  "'-V' ^^  "f"^';  f  O'l 
fhe  top  of  th;  oat-bcard;  is  cemented  a  c,rcu  ar  V^^'-^-^^. 

^i;^l?!it^r^^?h:cs:^?^ar!:^^^^^ 

Ih:  hSo  Tti  Srthu^  mov.ng,  co,ls  the  ftrin.  round 

the  ftraw  tube  or  ax  s ;  bv  which  means  the  nun.berot  reyo- 

uaons  from  anv  time 'obierveU  may  be  known  ;  -a  tnus  the 

r  r       „.;n  Ua  nrnuleJ  n  hich  is  occafioued  by  the  maex 

Z'n:m:;;'th:n^;Kelund,  which  tt  docs  in  pafling  fronx 

"'ZVriita^^rl^.  placed  as  to  wind  .^wjenjeit^^ 
tnoves  the  contrary  wav,  that  is,  from  niout  to  diy,   it  tne 
;X  ioToofes^^  this  cafe   the  c.clc  muft  be  nam- 

bercd  the  contrary  way  Jrom  the  above 

The  o3t-beard  is  fixed,  and  the  index  is  not  to  be  turnea 
or  (^t  to  a  certain  p^int/a.  .s  the  cafe  .uh  the  common  hy- 
urometer    bv  a  contrivance  bchmd  the  ca  e. 
^  TTemeth-odofkeepi,.gareg.ller  of  this  hygrometer  w>H 

When'on  the  upper  part  of  the  axis  there  is 

Oue  coil,  and  the  iuu..x  points  at  6,  let  djnvn       1^0^  ^^^ 

"^"l?  the  circle  be  divided  imo  .00  divifion's  the  reckoning  wtU 
be.        No  coil,  ai.d  the  h.nd  at  10,  fet  do-vn    to 

I   coil  '  .  2TO,  &C. 

which,  Tt  circle  be  large  enough,  will' be  a  Very  conve- 
jiient  mode  of  regiltermg. 

.  The  b..Kl  of  the  ««v,v,A,vV;,  (of  Li.n«uO.  :-vWx.,  or.  .ccr,m,t  of 
i„,-...  is  preferable  .0. he  bcar.i™...co„u.o„  oat.     ^^^^_   ^^^^^ 
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XXXI.   HtJIorlcal  Shetclof  the  In/Ikuthn  nndVrogrefs  of  the 
^ojal  Society  of  Lojidon.  ^    -^    ^ 

.^^  [Continued  from  p.  3S.] 

ll.V"^'V  V  ithin  a  few  years  after  its  inftitntion    the  Socfptv 

Kins.        Mr.    tienrv  Howard  hcftoucd  on   th^   Q^  •  .    Vi 

whole  Ajmukiian -librarv,  conf!    ™    </fUe  ,£:fa  4^^ 
prmled  books,  wi;h  feveral  hmKlralt  of  01^6     an  /rri -. 

wTof  Gre".:'  ^"■'  '^* '''^S-^.fi-.  after  ^'hinb'ut 
commod.tion  in  Arundel  houfe  '        '  '^-"'Porary  ac- 

fevtl'^"!.'.'''f.er ?'";""'""'"'  '"  f'"^' S°^''"^'>-' ^^i*"^  '^^ M 
le\tn  >c„r.  ulier  iMncovporation  bv  charter,  xvere  niai.v  c.i 

nous  theoretical  d.loouries.     S„ch  were  an  hvpuhel  s  7f  t  . 

cottons  of  „-,e  moon,  and  of  the  fea:  a   be.  v  o    fi.e  a^d 

flame;  an  hypoihefis  nt  the  form  and  fprincr  of  the  ^ir!  , 

iipv.ard  ,  a  diicomfe  about  improvins  wood  for  dvein^    .^d 

i".  "."!  d:""'^'  -  -urfes  u,>on  iV.eral  n^ereu^ia  Sp^  ^ 
nients,  a  ddcouife  ot  annealing  and  tempering  (teel -f'ir 
cotarfes  about  cycier  and  eofiee^a  difcourfe'^^f  tile  W  ibiht" 

ot  t.iui  going  fioucr  and  llofter  the  Joneer  thev  laft  — «i'h 
a  rnu.tnude  ot  others,  which  it  were  inconvenient  a.  d'tedo^s 
here  to  enumerate  ir,  detail.  "->Ji  ai.u  teoiou» 

As  .heir  yi.w-s  were  more  exprefsly  and  directly  than  thnff 

menrZbe '  V  r^f r^  '"-^'^^  ''^^  Society  t^  'k^t 

n"n  of  t he  m^ft'j''  oTth  fl'  7"'  'T'^'"  '^'"°' '^^  "^ 
in  the  firft  feven  vet    1ft  -r  h1  '^f    ^-^'''^r'''  P'^'^'^'  ^^'"^- 

be  found,  an  hifior^^'of  Enjift  ^""'Tn,'    '""'""'r""'  '° 
va    •         c    •         -^       -[-ugiun  mines  and  ores,  two  kv^nratf* 
h.ftortts  of    mnenes  and   tin-working,    hiftories   of'iron 
itiakiufT,  of ''o-num  foffilf    rS  •\a:.  i    ,,  '"  ""^*   "^   iron- 

P-eafe    of  th^  m"^1,-  f  ."'  °*  "'Vermes,  of  verdi- 

g.eae,  ot  the  bicachmg  of  wax,  of  colours,  of  the  makina- 
of  alum,  of  the  preparation  of  fait  from  fal  water  of  e,  a^ 
nich.ug  of  engraving,  ofvarnifhins,  of  d-ein'o^  refining 
gold,  ot  tnaknrg  potaibes,  &c.      the  pro;:;?^/  of  m  k  n? 


breadj 


Hyioncal  SJcekh  of  the  hftitution,  ^c.  -i^ 

bread,  of  making  cloth,  of  tanning  with  the  otlicr  parts  of 
the  manufadture  of  leather,  of  paper- making,  of  hat-makino-, 
ot  brewing,  were  accurately  related  according  to  the  bdt 
practice  of  them  at  that  time,  in  different  memoirs  bv  the 
lirll  members  and  correfpondents  of  the  Society.  Prince  Ru- 
pert communicated  two  papers  of  extraordinary  value,  ex- 
plaining the  procefN  for  ihe  manufacture  of  gunpowder,  and 
an  improvement  of  that  procefs,  by  which  gunpo\^■der  mioht 
be  made  which  iliould  have  twenty  times  the  Hrenjrtir of 
that  which  was  commonly  in  ufe.  Mr.  Hendiaw  prcrduced 
to  the  Society  an  ingenious  hiiiory  of  ihe  difcovery  and  the 
manufadure  of  falt-petre.  Many  papers  iliuftrative  of  the 
hiftory  of  the  uTeful  arts  were  conimunicated  bv  Sir  William 
Petty,  one  of  the  molt  truly  honourhble  founders  to  whom 
anv  family  amons'  our  Britifh  nobilitv  can  trace  the  orioiu  of 
its  wealth  and  nobilitatintrdiftinclions. 

But  none  of  all  ihofc  original  members  did  more  than  Dr. 
(afterwards  Sir)  Chriftophei' Wren  to  advance  the  purpofes 
ot  tiie  Inftitution.  He  propofed  certain  curious  theories  of 
motions,  extending  and  correcting  the  doarine  of  Des  Cartes, 
which,  however  they  may  have  been  fince  exploded,  were 
imagined  with  great  ingenuity,  and  illuftrated  by  a  multitude 
of  happy  experiments.  "He  contrived  lo  annex  to  a  weather- 
cock an  apparatus,  which,  of  itlelf,  regiftered  for  every  twelve 
hours  the  changciJ  oi  the  wind^  and  Invented  aifo  a  thermo- 
meter, to  legifter  for  itfelfthe  variations  in  the  temperature  to 
w'lich  it  fhoidd  be  exp^  fed.  He  wa:  the  inventor  of  an  in- 
ftrrment  for  measuring  the  qurntitv  of  the  rain  that  fdls. 
He  was  the  firit  v.ho^explained,  that  from  the  pendulum 
might  be  produced  a  natural  ftanuard  of  meafure  for  vulirar 
ufe.  He  firli  exa6lly  mealured  and  delineated  the  fpheres^of 
the  hunPAirs  in  the  eye  ;  and  thence  ex|)lained  how  rciieaion 
conduces  as  much  as  refraclion  to  vition.  He  was  the  iirft 
author  of  ihenohle  anatomical  experiment  of  injectins!;liouors 
into  the  veins  of  animals.  Pie  made  a  variety  of  experiments 
to  afcertain  the  powers  of  the  magnet ;  and  manv  to  explain 
the  nature  of  the  powers  by  which  failincr  is  performed,  and 
to  fix  what  fabric  of  a  (liip  might  be  moit  luiiable  to  the  ufes 
for  which  it  is  intended.  He  made  many  iniprovements  upon 
telefcones,  and  a  prodigious  number  of  altronomical  obferva- 
tions,  panicularly  on  the  planet  Saturn,  and  on  the  moon. 

He  invented  a  curious  and  very  fpeedv  method  of  etciiino;. 
He  fuggefted  a  number  of  contrivances 'for  the  improvement 
of  water-works.  He  found  out  certain  perpetual  lamps  and 
regillers  of  furnaces,  by  which  artificial  heat  mieht  be  fo 
kept  up  and  graduated  as  to  imitate  nature  in  the  hatchinr  of 
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-chickens  and  infeas,  the  vegetaiion  of  plants,  ihe  prodiiclion 
of  cert?in  foffils,  and  the  prefervation  of  an  equality  in  the 
notions  of  watches,  in  ordt  -  to  ri  c  difcovery  of  the  loncUude, 
fee.  All  iheie  ihino-s  he  accomplifhed  in  a  diligent  purfuit 
of  the  objeas  of  the  Socie:v:  and  a>  his  difcoveries  xvci'C 
made,  he'corr.municated  them,  but  with  the  greateft  difti- 
dcnce  and  modeltv,  at  its  mee^'ngs.  _     ^ 

iXndvet,  evcn'this  va-e'v,  activity,  and  fnccefs  in  its  re- 
fearches,  could  not  fuisfv  the  tvrannical  impatience  of  pub- 
lic expectation.    The  cavillers  againft  the  Society  deridea  its 
inenihers  as  idle  d-camers,  or  interefted  impoftors,  who  ex- 
cited hopes  which  they  could  not  gratify,  and  wafted  their 
own  lives  and  fortunes  "in  purfuiis  having  no  rational  attain- 
able end.     Others  conceived  prejudices  (till  ilronger  againlt 
tlicfe  irudies  ;  accufins;  them  as  atheiftical,  and  adverfe  to  the 
liudv  of  purely  moral  and  imelleaual  truth;  becaufe  they 
traced  to  fecond  caufes  phaenomena,  which  had  been  ufuallv 
referred  to  the  immediate  agency  of  the  Divine  Power;  and 
Withdrew  attention  from  the  logic,    ethics,    and  theology, 
which  had  hitherto  reigned  in  the  fehools.     By  others  thev 
were  abhorred  as  'incap^ible  of  alliance  with  elegance  and 
grac.^  with  the  charms  of  poetry  and  eloquence,  with  the  re- 
finement of  the  lanfruaee,  or  the  improvement  of  the  popular 
parts  of  literarv  compmition.     To  many  that  tolerance  was 
extremelv  odious  with  which  they  received  all   men  of  in- 
genious inquirv  into  iheir  correfpondence,  without  diftmaiori 
of  nation  or  rc^io-ion  :  and  the  admirers  of  the  ages  of  claffical 
anticiuitv  derided,  with  the  proudeft  contempt,  the  very  idea 
upon  which  the  Inftitution  was  founded,— that  it  was  pofnb.e 
to  extend  the  empire  of  human  knowledge- beyond  thole  limits 
Within  which  the  antients  had  left  it  confined. 

Tl;e  Society,  not  unmoved  by  fuch  cenfures  and  com- 
plaints, vet  not  diverted  bv  them  from  the  profecution  of  its 
^iews,  advanced,  though  {lowly,  yet  with  fteady  and  vigorous 
diliircnce.  in  its  experiments  and  inquiries.  Dr.  Spratt  s  apo- 
jocetical  hiftory  coniributed  to  filence  many  prejudices.  The 
inflation  of  the  defion  of  this  Society,  by  fo  many  fimilar  in- 
fiitutions  arifmo;  after  it  in  foreign  countries,  evinced  the  ge- 
neral conviaion  of  mankind  to  be  in  its  favour.  Its  memoirs 
and  traniactions  were,  from  time  to  time,  printed  ;  and, 
amour  difcoveries  and  incjuiries  which  could  interett  none 
but  pbdof(^phers,  failed  not  to  contain,  likewije,  others  ot 
c^eneral  utility  and  importance  fo  luiking  and  palpable,  that  • 
ev.  n  the  attention  and  approbation  of  the  vulgar  could  not  be 

In  pure  mathematics,  the  fucceflive  publications  of  the 
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Society,  to  the  end  of  tiie  [eventcenth  century,  exhibited  a 
variety  of  inycntir*ns  exalting  the  power  of  that  fcience,  and 
furnilhing'  it  with  r.ew  arms  to  triumph  over  difticuhies  of 
inveftiLratioii  to  which  it  v/as  before  une(]ual.  The  difcoveiies 
ot  Newton  had  been  prompted  by  that  fpirit  of  mathemati>.al 
and  phylicai  refearch  whch  th..'  inftitution  of  the  Society  ex- 
cited. Their  communication  did  honour  to  the  meetings  of 
the  philofophers,  and  etiricheJ  their  volumes.  Wallis,  Gre- 
gory, De  Moivre,  and  Halley  foon  communicated  a  number 
of  valuable  problems,  theorems,  and  new  demonftrations, 
important  both  in  the  new  difnlay  of  beautiful,  and  in  their 
fufceptibility  of  application  to  th^-  improvemciit  of  the  mathe- 
matical arts.  In  mixed  matheniatics  the  opucal  difcoveries 
of  Newton,  Hevelius,  and  Huyoens  were,  in  great  part, 
made  firft  known  to  the  world  throuo-h  the  medium  of  the 
Roval  Society.  Leeuwenhoek  and  the  iUuitrious  Dc.  Robert 
Hooke  publiibed  mod  of  their  microfcopical  difcoveries^  in 
the  fir(t  inftance,  througrh  the  fame  channel.  A  multitude 
of  the  mod  important  obfcrvations  in  aftronomy,  the  com- 
munications chiefly  of  Flamiieed,  Hevelius,  Cafiini,  Ha'lev, 
Gregory,  Bullialdus,  Auzout,  till  the  early  volumes  of  thefe 
Tranfadlions.  Bernoulli,  Huvgens,  Hooke,  and  Waliis  com- 
municated fome  highly  curious  papers  in  mechanics  and 
acouftics.  Mr.  Boyle,  M.  Homberg,  Dr.  Papin,  Dr.  Rei- 
felius,  and  an  inferior  philofophical  fociety  at  Oxford,  com- 
municated various  experiments  on  the  gravities  of  different 
fluids,  their  fupcrficial  figures,  and  their  laws  of  movement. 
Mr.  Thomas  Savery,  in  the  year  1699,  made  known  to  them 
an  eng-ine  of  his  invention  for  raifino;  water  bv  lleam. 

Flamiteed,  Boreili,  Halley,  Mercator,  Canmi,  Bullialdus. 
and  Greaves,  gave,  for  the  improvement  of  geography  and 
navigation,  many  obf(?rvations  of  the  longitudes  and  latitudes 
of  different  places,  of  the  variations  of  the  compafs,  8cc.  Sec, 

In  architetlure  and  Ihip-building,  their  Tranfa^lions  ex- 
hibit the  valuable  papers  of  Leeuwenhoek  '^  on  the  differences 
in  timber  as  it  utows  in  different  countries,  and  is  felled  in 
different  feafons  ;"  of  Mr.  Bulteel  '^  on  the  Ihcathintr  of  ihips 
with  lead;"  of  Dr.  Lilter,  Dr.  T.  Robinfon,  and  Dr.  Wallis, 
*'  on  bridges,  arches,  and  chimnevs,  &c."  Wailis  and  Sal- 
vetti  communicated  fome  intereltinix  papers  on  the  theory  of 
mufic.   Dr.  Sherard  gave  a  receipt  for  makino;  china  varnifhes. 

In  phvfiology,  meteorology  and  pneumatics,  the  rei'earche? 
of  this  Society  in  the  lalt  thirt\'  years  of  the  feventeeth 
century  were  no  lefs  diligent  and  meritorious.  The  baro- 
meter, the  hygrometer,  the  thermometer,  were  firft  put  to 
important  ufe  in  philofophical  ohfervation  by  its  mcnji)ers. 
6  '  The 
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The  general  phasnoinena  of  the  weather  in  diflerent  feafons 
•and  Jatitiuks  were  by  them  ihd  recorded  wilh  philofophical 
accuracy.  Of  the  winds,  rains,  fnow,  hall,  lightning,  thunder, 
meteors,  exhalations,  their  papers  exhibit  an  alleniblage  of 
iacls,  to  which  much  has  indeed  been  fiuce  added,  but  which 
Hill  form  a  large  and  important  part  of  our  prefent  fcience  of 
^tniofpherlcal  pliaenomena.  They  collected  a  prodigious 
variety  of  obfervations  to  illadrate  the  j)hyfical  hiftory  of 
water,  as  it  exifk-d  in  fta^,  lakes,  fprings,  mineral  and  lalt- 
fprings,  &c, ;  and  to  explain  the  manufaiSture  of  fait  from  fqa 
water  or  from  that  of  f^ut-fprings. 

In  thofe  early  volumes  are'  a  very  great  number  of  papers 
in  mineralog)? :  the  facts  which  thev  contain  laid, the  foun- 
dation of  this  fcience.  I'he  hiflorv,  in  particular,  of  anim,al 
fubtlances,  and  of  vegetables  found  in  a  fofiil  Ihue  ;  of  fomc 
volcanic  eruptions ;  of  marble  found  in  Ireland  ;  of  the  forma- 
tion of  peat-earth  in  Scotland  ;  of  the  ftrata  of  pit-coal ;  of 
rock  cryfta!,  iron,  and  copper-ore  ;  of  amber  ;  of  the  cleclrical 
capacities  of  amber,  gum  lac,  and  diamonds;  was  illuftratcd 
in  a  number  of  curious  papers,  tlie  produce  of  much  laborious 
inquirv,  and  of  many  obfervations  made  with  the  greateit 
diligence.  Mr,  Gill,  Sir  Robert  Moray,  Dr.  Brown,  and 
others,  con>municate.d  interefling  papers  on  damps  in  mines. 
Dr  L'iiier  gave  fome  minersrl  maps,  and  an  account  of  the 
true  way  of  inaliiiig  fleel.  A  catalogue  of  eleClrical  bodies 
was  reccivid-froin  Dr.  Robert  Plot :  Mr.  D.  Colwal  favoured 
the  Society  with  accounts  of  alum  works  and  green  copperas 
works.  The  lead  mines  in  Somerfetdiire,  the  quickf>lver 
mines  in  Friulj,  the  (ilver  and  gold  mines  in  Hungary,  were 
made  parti cuiarly  known  to  the  Society  by  communications 
from  Iv^r.  Glanville,  Dr,  W.  Pope,  and  Dr.  K.  Brown.  A 
curious  paper. from  Mr.  M.  Sepralius  acquainted  them  with 
the  exiftence  of  mercury  in  certain  plants.  The  colle6lion  qf 
their  papers  prefents,  befide  thefe,  a  prodigious  variety  of 
cthe"  information  relative  to  fubjecls  in  the  mineral  kingdom. 

The  power  of  the  magnet ;  the  ufe  of  the  magnetic  needle  ', 
the  decimation  of  the  needle,  its  variations  in  different  place^, 
with  the  theory  of  thoie  variations,  engaged  much  of  tlie 
Society's  attention,  and  were  very  ably  illuiirated  by  the  papers 
of  Dr.  Halley,  Mr.  Hevelius,  Mr.  Auzout^  Mr.  Cunningham, 
and  others.   . 

To  the  improvement  of  the  fcience  of  botany,  and  the 
practice  of  a^ri culture,  they  continued  to  devote  much  of  their 
care.  Kye,  turnips,  potatoes,  maize,  faffron,  orange-trees, 
vines,  are  among  the  plants  wlioYe  culture  and  oeconomlcal 
ufes  were  fuccciifully  expiuiiied  in   the  papers  read  before 
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this  Soeietv  dnnncr  the  lad  ccnturv.  The  nature  of  vegeta-' 
tion,  tire  circulation  and  defcent  of  the  fap  in  trees,  there- 
union  of  bark  to  treer^  from  which  it  had  been  Icparated,  &c^ 
were  finely  explained  bv  E)r.  Bcale,  Dr.  Lilter,  ^J^.  Reed, 
M.  Matphiizi,  Mr.  Rav,  &c.  The  ufe  of  marie,  of  fca-fand, 
of  fait  and  of  brine  for  manures,  are  taught  in  others  of  thofe 
papers.  Mr.  Kino;  communicated  a  method  of  improving  the 
boos  ar.d  louohs  in  Ireland  bv  drainage.  Dr.  Beaie  ex- 
plained the  fertilizing:  powers  of  frolt.  The  preparation  of 
oak  for  tanninir,  of  fuuar  from  the  maple-tree,  of  vinegar,  of 
pitch,  tar,  reiin,  and  turpeutin-'^,  arc  the  fubjecls  of  fome  other 
inirenious  papers  of  the  fame  pericxi.  Dr.  Li-ter  invelHgated 
with  curious  pains  ti^.e  botanical  hif^orv  of  the  mufhroom. 
Hendock,  opium,  fnake-root,  aloe  americana,- the  amomiun 
of  the  I^hilippine  ides,  and  many  other  plants  adapted  to  be 
of  ufe  in  the  ma-teria  niedica,  were  examined  in  their  growth 
and  qualities,  under  the  Society's  directions.  Dr.  Lilter  proved 
the  poffibiiitv  of  fertilizing  a  fandy  f.)il  bv  the  addition  of 
cliy.  •'/ 'Si hR-obert  Moray  gave  a' valuable  paper  on  the  procefs 
of  rn^HinW.  Dr.  Beale  and  Mr.  Dale  taught  how  to  make' 
brcLid  from  turnips'and  potatoes. 

In  zoology,  the  papers 'of  this  period  are  likewife  nume- 
rous, and  ilkitlratiVe  of  manv  of  the  moft  intereitino;  fpecies 
m  the  animal  kingdom.  The  hilfories  of  the  iilkworni, 
the  whal6,  the  cochineal  infecl:,  the  pearl -nuifcle,  the  bee, 
were,  on  account  of  the  relations  of  thefc  animals  to  the 
nfeful  arts,  examined  with  extraordinaiy  care.  Many  ac- 
counts of  monftrous  births  and  figures  of  animals  were 
from  different  parts  tranfmitted  for  the  Society's  confideration, 
\Vai!er*s  poem  "  on  the  Summer  Iflands"  appears  to  have 
had  for  its  foundation  a  narrative  concerning  vv'halcs  and 
whale-fiflruie:  at  the  Bermudas,  which  was  communicated  to 
the  ptd/lic  in  the  Tranfa^tions  of  the  Koval  Society.  Mr* 
Ray,  examinini':  into  the  nature  of  anl«,  ciiicovevcd  and  made 
known  to  the  Society  that  which  has  been  fince  named  the 
formic  ac'uL^  Others,  with  much  curious  pains,  i-lluftrated 
the  hiftorv  of  the  fpider.  Dr.  Lilter  found  ail  acid  juice  in 
another  infecl  befide  the  ant.  Mr.  Boyle  and  others  exa- 
mined and  cxpi.nned  the  anatomical  {tru(Sfure  of  fiflies.  In 
regard  to  the  human  body  efpecialiy  were  thefe  philofophers 
woriderfullv  induitrious  in  rcfearch.  The  natural  accidents 
to  which  it  is  fubjcrt,  and  its  anatomical  liruciure,  were 
never  before  I0  well  illiiflrated  as  by  the  facls  which  they 
collefted.  Conccrninor  the  Rmcfture,  external  parts,  and 
common  leiiuments  of  human  bodies;  the  head ;  the  neck, 
and  thorax  3  ihe  abdomen ;  the  humours  ai:d.gciier<il  aftcc- 
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lions  of  the  bbdv  ;  its  hones,  joints  ;  their  Tranfadlions  pre- 
feiU  an  allemblay^e  of  facts  fuch  as  niuit^  in  compaiifon,  put 
to  fliame  the  indudrv  of"  later  a-aatomilts. 

In  chemiitrv,  thev  invefiigatcd  the  nature  and  compofilion 
of  phofphorus,  of  the  Boloona  ftone,  of  vegetable  and  mi- 
neral acidsj  c^c.  An  engine  to  confume  Imoke  was  made 
known  to  them  bv  IM.  Juftel.  A  method  of  imitatingr  the 
pottery  of  Cnma  appears  alfo  among  their  papers.  Sir  Ro- 
bert Southwell  communicated  an  account  of  the  method  of 
dreffing  buck  and  doe  ikins,  which  was  pra6lifed  by  the 
Caribbees  in  the  Welt  Indies.  The  phoiphorefcent  qualities 
of  wood,  putrid  flefli,  the  furface  of  the  fea,  &:c.  were  par- 
ticularly examined  in  papers  communicated  by  Mr*  Boyle 
and  Dr.  Beale. 

Nor  were  their  endeavours  confined  to  the  improvement 
merely  of  phyfical  and  mathematical  fcience.  Mr.  Lodwick 
gave  an  eOav  towards  an  univerfa!  alphabet.  Dr.  Wallis  in- 
vented a  method  of  teaching  perfons  deaf  and  dumb  to  fpeak 
and  underftand  lansuage.  Mr.  Edward  Lloyd  communi- 
cated fome  valuable  obfervations  in  philological  fcience. 
Another  gentleman  gave  a  paper  of  highly  curious  obferva- 
tions and  conjeclures  concerning  the  Chinefe  charav?hers. 
The  collection  of  their  papers  aftords  likewife  fome  valuable 
illuftrations  of  ditiiculties  in  chronology.  Roman,  Grecian, 
Saxon,  Runic,  Egvptian,  and  Perfian  antiquities  have  alfo 
a  variety  of  new  lights  thrown  upon  them  in  thefe  papers. 
The  firlt  account  of  the  difcoverv  of  the  famous  ruins  of  Pal- 
myra appears  here  in  two  communications  from  Mr.  Tnnothv 
Landy  and  Mr.  Aaron  Goodyear.  When  the  members  and 
correfpondents  of  the  Society  were  engaged  in  journeys  and 
voyages,  thev  never  failed  to  regiiler  for  its  information  at 
leaft  fome  of  the  nn)re  extraordinary  facts  which  came  under 
thei.'  notice.  And  a  number  of  its  papers  are,  in  confequence 
of  this,  narratives  of  fuch  obfervations,  interefting  in  the 
hiffheft  degree  at  once  to  philofophcrs  and  to  mere  popular 
curioiitv. 

Yet  about  the  beginningr  of  the  i8th  century  the  members 
of  the  Society  were  themfelves  dilfatisfied  with  the  progrefs 
and  fuccefs  of  their  efibrts.  Thev  began  to  feel  that  their  firfl: 
ardour  of  incjuiry  had  become  cool.  They  complained,  that 
•'  the  difcouraging  neglect  of  the  great,  the  impetuous  contra- 
diction of  the  ignorant,  and  the  reproaches  of  the  unreafon- 
able,  had  unhappily  thwarted  them  in  their  defign  to  perpe- 
tuate a  fucceihon  of  ufeful  inventions."  Nor  was  it  to  have  been 
expected  that  the  fears  for  religion  and  liberty  in  the  latter 
part  of  the  reign  of  Charles  the  Second  and  his  fuccelTor^  the 
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«ivil  and  political  contentious  to  which  they  gave  birlh,  and 
the  cliredlion  of  lb  much  of  the  iearned  ability  of  the  lime, 
to  exircife  in  the  field  of  the  po])ifti  controverfy,  fliould  not 
h^ve  proved  inaidpiciou?  to  the  advancement  ot  pl^.ilofophical 
Itudies.  The  reisn  of  William,  haraired  with  wars,  with 
diiputcs  relative  to  the  ri-ht?  (f  the  rtigning  fovercinn  and 
to  the  roval  fuccLtfion,  with  factions  in  church  and  Itate, 
introduced  no  new  fortunate  aera  for  the  auvancement  of  phi- 
lofophv  and  the  arts.  Even  in  the  beginning  of  the  i.Sth 
century,  jaid  during  the  courfe  of  fome  years,  the  fame  dif- 
ienfions  and  wars  continued  to  produce  the  ianic  etfec^s  upon 
the  fortune  of  fcience.  Tlie  wits  prefumed  to  throw  ridicule 
npon  fcience  and  erudition,  which  they  wee  too  iJi;^  to  cul- 
tivai<j.  The  reitn  of  Anne  u-as  tor  England  perhaps  the 
golden  age  of  V.  it  and  elciiant  literature  ;  and  men  (lioued 
themfe'ves  fufficienlly  difnoled  to  prekr  the  lie ht  and  fniiiin'jy 
to  that  which  was  only  folid  and  uni/itentatious. 

Yet,  V. hile  Newtoii.  tiie  pride  oi  the  Royal  Society,  di- 
ftinguiOied  himfcif  among  its  active  members,  or  prelided  at 
its  meetincrs,  it  could  not  but  continue  to  be  re^rarded  as  the 
grand  focus  of  phvfico-.matliematical  difcovery  and  know- 
ledge. His  own  communications  in  optics,  aftronomv,  and 
general  phvfics,  were  invaluable,  ilis  fvitem  of  the  imiverfe 
was  adopted  as  one  which  was  infallibly  true,  and  which  it 
was  for  the  honour  of  the  nation^  by  all  poffible  means,  to 
illuiirate  and  maintain.  Hence,  from  the  commencement  till 
nearly  the  middle  of  the  i8th  century,  the  labours  of  the  So- 
ciety were  principally  employed  in  ]Hirfuing  the  analooies  of 
the  Newtonian  fyftem  throughout  ai!  tliat  divtrlity  of  phaj- 
nomena  bv  which  its  certainty  was  to  be  tried.  Such  were 
almoft  all  the  experiment-,  obfcrvations,  and  theories,  of  the 
iHuftrious,  the  indefatigable  Halley.  Defacfulier,  Facio,  Keili, 
and  Maclaurin,  fuccefsfully  laboured  in  the  fame  field.  Every 
other  branch  of  thofe  i'ciences  which  the  Society  (kuiied  eine- 
c^ally  to  improve,  continued  alfo  to  be  more  or  lefs  advanced 
b\'  the  labours  of  its  members. 

It  was  at  leuLfth  e\ideiit  that  the  field  which  its  founders 
luad.wilh  nobie  ambition,  marked  out  lor  themfelves  was  too 
vaft.  The  Society  of  Arts  arofe  by  perhaps  an  unc-onfcious 
dr-rlvation  from  the  Royal  Society.  To  the  latter  was  (till 
II^!:  the  province  of  the  l\ibiimer  and  abilruler  fciences.  The 
letter,  with  admirable  national  eathnfiafm_,  undertook  the  talk 
oi  applying,  and  encouraging  the  appliciUion  of,  fcicntitic 
truth  to  the  improvement  of  the  common  arts. 

For  a  time,  a!)out  the  middle  of  the  i8ih  century,  when 
?Jbe  Newtouiaii  fyiiein  was  fully  diabliflicd^  and  no   aew 
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path  of  noble  difcovery  \\?A  been  opened,  the  exertions 
of  thefe  phiiofbphers  might  comparatively  languifli.  The 
diicoveries  of  Dr.  Stephen  Hales  concernins:  the  diverfitles  of 
airs,  ahoat  thattii^ie,  however,  renewed  the  truths  which  had 
been  firlt  explained  by  Hooke.  Difcoveries  in  natural  hiftory 
and  chemiilry  were  continually  more  and  more  multiplied. 
Fr^mklin  at  leno^th  comnuinicated  to  the  Society  the  grand 
truth  of  the  idcutitv  of  lightning  with  ele6lricityj  and  a  new 
theory  combining  all  the  electrical  phaenomena  which  had 
been  as  vetobferved.  Prieitlev,  following;  Hales,  Hooke,  and 
Bovie,  in  experiments  upon  air,  difcovered  all  the  varieties  of 
aeriform  fubftance.  Cavendifn,  Kinvan,  and  others,  exa- 
mined airs  in  their  relations  to  the  calces  of  metals,  &c.  Sir 
Jofeph  Banks  has  done  high  honour  to  the  Society  bv  the  ad- 
vancement which  it  has,  under  his  aufpices,  made  in  botani- 
cal dilcoverv;,  and  in  the  culture  of  the  other  branches  of  na- 
tural hiftorv.  At  the  j^refent  time,  its  labours  are,  in  all  the 
branches  of  phviical  v,Y\d  mathematical  fcience,  mo(t  zealouily 
continued.  Amid  fo  many  rival  inttitutions  the  Roval  Society 
of  London  holds  (till  the  firlt  place.  Its  memoirs,  now  with 
great  regularity  annually  publiflied,  fully  vindicate  its  claim 
to  the  hieheft  ellimation  of  the  public.  We  have  reviewed 
its  hiftory  with  a  confcious  pride  that  we  are  of  the  fame 
country  and  lauL^uage  with  a  fuccefiion  of  philofophers  who 
have  difcovered,  or  collected  and  arranged,  the  better  part  of 
the  phviical  knowledge  peculiar  to  modern  times.  He  who 
would  afpire  to  the  praiie  of  a  philofopher  would  do  well  to 
ftudy  the  volumes  of  its  Tranfaftions  v^ith  peculiar  care. 


XXXII.    Proceedings  of  Lcariied  Societies, 

ROYAL    SOCIETY  OF   LONDON. 

A  HIS  learned  body  had  its  firfl:  meeting  after  the  fummer 
recefs  on  the -^th  inft.  (November),  which  was  occupied  by 
the  readinir  of  the  Croonian  leelure  by  Everard  Home,  Efq. 

The  meetings  on  the  lath  and  19th  were  taken  up  in  read- 
ing: the  Bakerian  leclure  on  the  theory  of  light  and  colours, 
bv  Dr.  Young,  profelTor  of  natural  philofophy  at  the  Royal 
Inftituiion. 

In  this  leClure  the  author  offers  no  new  experiments,  a 
fufficient  number  for  his  purpofe  having  been  made  and  re- 
corded bv  preceding  philofophers,  on  which  he  refts  four  hypo- 
ihefes :  The  firit  is,  that  a  lumimferous  cether^  of  an  extreme 
dep-ree  of  rarity,  pervades  the  univerfe  \  the  fecond,  that,  when 
a  '  ^  bodies 
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fcodies  become  luminous,  undulations  are  excited  in  this 
aether — ^The  third,  that  colours  are  owing  to  "jihratlons 
in  this  aether  aclinfr  on  the  retina — and  the  fourth,  that  all 
matter  attracts  this  lethcr  j  and  that,  when  bodies  are  lumi- 
nous, it  acts  in  a  more  denfe,  though  not  in  a  more  elaltic 
Hate  upon  them. 

In  the  meeting  on  the  26th  was  read  an  analyfis  of  a  mi- 
neral from  North  America,  which  contains  a  metal  different 
frQm  any  hitherto  known  :  bv  Charles  Hatchet,  Efq. 

This  is  an  acidiiiable  metal,  but  differs  in  ibme  refpecls  from 
thofe  acidiiiable  metals  already  known.  A  vivid  oranee-co- 
loured  precipitate  can  be  thrown  down  from  one  of  its  folu- 
tions,  which,  as  it  remains  unchanged  after  being  expofed  to 
air  and  light,  will  be  a  moft  valuable  acquifition  to  anifts. 
By  another-* procefs  a  green  precipitate  is  obtained. 

it  is  propofed  to  give  this  metal  the  name  of  Columhium . 
The  fpecimen  from  part  of  which  this  analyfis  was  made  is 
in  the  Britifli  Mufieam  ;  but  Mr.  Hatchet  is  in  hopes  or 
being  able  to  obtain  a  freih  fupplv  from  America. 

Part  n.  of  the  l^hilofophical  Tranfactions  for  1801,  jufr 
publiihcd,  contains  the  following  articles: 

12.  A  Hiftorical  and  Anatomical  Defcriptlon  of  a  doubtful 
amphibious  xVnimal  of  Germany,  called  bv  Laurenti  Proteus 
Aiiguhuis.  By  Charles  St  hrcibers,  M.  D.  of  \'^ienna. — 13. 
Obfervations  tcndiiig  to  inveftigatc  the  Nature  of  the  Sun, 
in  order  to  find  the  Caufcs  or  Svmptoms  of  its  variable 
Emiffion  of  Lii:;ht  and  Heat;  with  Remarks  on  the  \J\q  that 
may  poffiblv  be  drawn  from  Solar  Obfervatons.  By  William 
Herfchel,  LL.  D.  F.  R.  S. — 14.  Obfervations  on  the  Struc- 
ture, and  JNIode  of  Grouih,  of  the  grindino-  Teeth  of  the 
Wild  Boar,  and  Animal  incognitum.  By  Everard  Home, 
Efq.  F.  R.  S. — 15.  Accounts  of  fome  Experiments  on  the 
Afcent  of  the  Sap  in  Trees.  In  a  Letter  from  Thomas 
Andrew' Knight,  Efq.  to  the  Right  Uiin.  Sir  Jofepl;  Banks, 
Bart.  K.  B.  P.  R.  S. — 16.  Additional  Obfervations  tending 
to  inveltigate  the  Symptoms  of  the  variable  Emiffion  of  the 
Licrht  and  Heat  of  the  Sun  ;  with  Trials  to  fet  afide  darken- 
ing  Glaffes,  by  trantm'tting the  Solar  Rays  through  Liquids; 
and  a  few  Remarks  to  remove  Objections  that  might  be  made 
againft  fome  of  the  Arguments  contained  in  the  former  Paper. 
By  William  Herlchel,  LL.  D.  F.  R.  S. — 17.  On  an  improved 
ReflcAing  Circle.  By  Jofeph  de  Mcndoza  Rios,  Efq.  F.  R.  S. — 
18.  Obfervations  and  Experiments  upon  Dr.  James's  Powder; 
with  a  Method  of  preparincr,in  the  humid  Wav,  a  (imilar  Sub- 
ftance.  By  Ftichard  Che^nevlx,  Efq.  F.  R.  S.  M.  R.  L  A.— 
7.9.   Cafe  of  a  young  Gentltimsn,  who  recovered  his  Sight 
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when  feven  Years  of  Age,  after  having  been  deprived  of  it 
bv  Cataracts  befoi'e  he  was  a  Year  oW  ;  with  Remarks.  By 
Mr.  James  Ware,  Surgeon. — 20.  An  Account  of  fome  Gal- 
vanic Combinations,  formed  bv  the  Arrantrement  of  (ing-^e 
metallic  Plates  and  Fluids,  analogous  to  the  new  Galvanic 
Apparatus  of  Mr.  Volta.  By  Mr.^Humphry  Davy,  Lcclurer 
on  Chcmiftrv  in  the  Koval  Inftitution. — 21.  A  Continuation 
of  the  Experiments  and  Obfervations  on  the  Light  which 
is  fpontaneoullv  emitted  from  various  Bodies ;  with  fome 
Experiments  and  Obfervations  on  Solar  Light,  when  imbibed 
bv  Canton's  Phofphorus.  By  Nathaniel  Hulme,  M.  D. 
F.  R.  S.  and  A.  S. — 22.  Experiments  on  the  chemical  Pro- 
duction and  Agency  of  Electricity.  By  William  Hyde  Wol- 
lafton,  M.  D.^F.  R.S. — 23.  Farther  Obfervations  on  the 
Effects  which  take  Place  from  the  Deftru6tion  of  the  Mem- 
brana  Tvmpani  of  the  Ear;  with  an  Account  of  an  Operation 
for  the  Removal  of  a  particular  Species  of  Deafncls.  By  ISlw 
Aftley  Cooper, 

THE    SOCIETY    OF    ARTS   AND   SCIENCES   AT   UTRECHT. 

This  focietv  has  propofed  the  following 
Prize  QuejVions : 

ifl,  What  is  the  real  nature  of  the  elecblrical  matter  ?  Is  it 
compound,  and  of  what  principles  is  it  compofed  ?  What 
are  the  chemical  changes  which  it  experiences  by  its  union 
with  other  bodies,  and  which  it  produces  in  thefe  bodies? 

The  beft  anfwcr,  to  be  tranfmitted  before  the  i  ft  of  Oc- 
tober 1803,  will  be  entitled  to  a  medal  of  the  value  of  thirty 
ducats. 

2d,  The  following,  which  has  not  yet  been  anfwered,  is  again 
propofed  : — What  is  the  real  nature  of  the  dvfentery  ?  Is  it 
aKvays  the  fame?  Vv'hat  are  the  different  caufes  of  this  dif- 
eafe  ?  What  are  its  fvmptoms,  and  their  confequences  ? 
What  is  the  beft  treatment,  and  method  of  cure  ?  and,  in. 
p  'irticular,  how  far  is  the  ufe^  of  opium  proper  as  a  remedy  ? 
The  anfwer  to  be  fent  in  before  the  iftof  OAober  1803. 

^d,  A  medal,  of  twenty  ducats  value,  will  be  adjudged  to 
the  author  of  the  beft  paper  on  natural  hiftory,  and  a  filver 
medal  to  the  next  beft. 

The  papers  to  be  feuc  in  before  the  ift  of  OtSlober  i8c2. 

4th,  Why  are  the  difeafes  now  prevalent  in  Holland  not 
fo  iimple  as  formerly?  Is  it  owino;  to  bilious,  vifcous,  or 
other  caufes  ?  By  what  means  can  it  be  afccrtained  with 
molt  certainty,  in  the  commencement  of  thefe  difeafes,  which 
of  the  above  caufes  predominate  ?  What  is  the  beft  method 
■■  of  cure  ? 
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The  papers  to  he  tranfmitted  before  the  fame  period. 

5t.h,  By  what  means  can  duelling;  be  prevented  in  a  coun- 
try where  an  idea  prevails,  that  infamy  attaches  to  a  perfoii 
who  on  receiviniT  certain  injuries  does  not  call  forth  the  of- 
fender, or  who  when  called  forth  does  not  accept  the  chal- 
lenge ?    And  in  fiich  cafes,  whar  meafures  are  to  be  purfued  ? 

The  papers  to  be  fent  in  as  before. 

The  aufwers  to  thefe  queftions,  written  cither  in  the  Ger- 
man, Dutch,  Eiiglifli,  French,  or  Latin  languages,  miift  be 
inicribed  with  a  certain  device,  and  tranrnr'ited,~^free  of  poft- 
age,  to  Dr.  Luchtmans,  at  Utrecht,  fccrciarv  to  the  focietv. 

FRENCH    NATIONAL    INSTITUTE. 

Notice  of  the  labours  of  the  Clafs  of  the  Mathematical  and 
Phyfical  Sciences  during  the  la(l  three  months  of  the  year  9. 

Mathematics. 

C.  Delambre  read  the  following  account  of  the  mathema- 
tical labours : 

A  memoir  on  the  equilibrium  of  arches,  by  C.  BofTut,  was 
read.  As  the  ftones  which  compofe  an  arch  mutuailv  coun- 
terbalance each  other,  they  ren^ain  fiifpended  without  anv 
fupjx)rt  from  below,  all  their  cdbrt  being  directed  towards 
the  abutments,  which  funport  the  arch,  as  if  it  ibrmed  one 
continued  body. 

To  enfure  the  duration  of  an  arch,  it  is  not  fufHcient  that 
all  the  ftoties  iliouid  be  in  equthbrium  ;  the  abutments  on 
wliich  they  reft  muft  oppoie  a  futHcient  refinance  to  the 
efforts  the  arch  makes  to  overium  or  cruili  iheui. 

A  refcarch  into  the  means  proper  for  preventing  their  beino- 
■overturned  coiiititiitcs  what  is  chilled  tlie  problem  of  the  puib 
of  arches,  which  engaged  the  attention  of  feveral  eeomc- 
tricians  of  the  laft  century  :  but  they  entirely  neglected  that 
problem  which  has  for  its  objecl:  the  means  of  preventing 
cruQiing. 

To  try  the  rcfiftancc  of  which  different  ftones  are  fufceoti- 
ble,  SoufHet  invented  a  machine,  which  was  afterwards  im- 
proved ])y  C  Kondelet. 

The  antients  had  no  verv  certain  or  grcomctrical  principles 
for  infuring  the  folidity  of  their  edifices ;  at  leall,  no  trace  .of 
them  is  feen  in  the  work  of  V^itruvius,  nor  is  anv  thing-  found 
in  that  work  on  the  figure  of  the  ftones  or  orl  that'^of  the 
wood:  which  induces  C.  BolTut  to  think  that  their  archi- 
tects, attending  merely  to  decoration  and  external  form,  left 
to  the  builders  what  related  to  the  conftructiou  and  foiiditv, 
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in  which,  unfortunately,  they  have  had  too  many  Imitators 
among  the  moderns. 

La  Hire  was  the  firft,  at  lead  in  France,  who  determined, 
by  the  theorv  of  the  wedoe,  the  proportion  according  to 
which  the  w-eisjht  of  the  arch  ftones  onorht  to  be  au2;mented 
\w  a  lemi-circular  arch. 

In  T704,  Parent  determined  bv  points  the  figure  of  the 
extrados  of  an  arch  the  intrados  of  which  is  a  fcmi-cirde. 
He  determined  alfo  the  pufl^  of  fuch  an  arch  on  the  abut- 
ments. 

James  and  John  Bernoulh,  Hnygens^  and  Leibnitz,  having 
refoh  ed  the  problem  of  the  catenarian  curve,  it  was  foon  per- 
ceived that  this  curve  was  that  of  the  equiUbrium  for  an  arch 
compofed  of  arched  lloncs  intiniteJy  fmall  and  equally  heavy. 
David  Gregory  fliowed  this  fiicl:,  and  it  is  deduced  dill  more 
diredlly  from  a  method  given  by  James  Bernoulli.  A  fecond 
method  of  the  fame  author,  corrected  by  C.  Boflut,  condu6ts 
to  the  fame  conclufion. 

La  Hire  in  17 12  gave  a  method,  founded  on  fome  experi-' 
ments,  which,  on  account  of  its  great  facility,  was  adopted 
bv  pra6tical  workmen,  who  gave  themfelves  no  trouble  to 
inquire  whether  it  was  applicable  to  all  cafes.  Not  content 
with  following  it  in  femi-circular  arches,  they  applied  it  even 
to  domes,  though  the  equation  of  the  equilibrium  in  this 
cafe  is  of  the  third  degree^  and  not  of  the  fecond^  as  in  the 
preceding  cafe. 

Couplet  has  treated  of  the  pufli  of  femi-circular  arches, 
and  of  tiie  thicknefs  of  their  abutments  ;  firft,  by  confidering 
the  arch  ftones  as  infinitely  fmooth,  and  experiencing  no  re- 
filiance  from  fri6lion ;  and  then  he  endeavours  to  correct 
what  may  be  defeAive  in  this  fuppofition :  but  he  does  not 
go  further  than  Parent  and  La  Hire. 

Boucruer  has  treated  of  domes.  He  has  fliown  that  a  va- 
riety of  curves  may  be  employed  in  them,  and  of  thefe  he 
points  out  thofe  moft  advantageous.  But  he  has  not  calcu 
lated  the  pufli,  nor  has  he  examined  the  law  of  th^  forces 
which  muft  a^ft  on  the  arch  ftones  when  the  o;enerating  curve 
is  (abjectcd  to  given  conditions  3  a  fubjecb  fertile  in  curious 
and  ufcful  problems. 

In  1770  C.  Boflut  undertook  to  treat  of  the  queftion  in  its 
whole  extent,  both  in  regard  to  femi-circular  arches  and 
domes.  He  examined  every  thins;  that  relates  to  the  form 
and  pufh  of  arches.  His  memoirs  were  printed  in  the  Tranf- 
acticns  of  the  Academy  of  Sciences  for  the  years  1774  and 
i7;6. 

Mafchcroni, 
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Mafchcroni,  who  was  deputed  by  the  Cifalpine  republic 
to  allut  in  fixing  the  unity  of  the  new  meafures,  and  of  whoui 
the  fciences  were  deprived  laft  vear,  niade  in  1785  new  re- 
ftarches,  and  gave  fome  ingenious  proportions  refpecting  the 
equilibrium  ot  domes  with  circular  clhptical  and  polygonal 
bafi.s.  -  ./ 

After  manv  new  refleclions  and  feveral  experiments,  Avhich 
mav  be  of  the  o-reateft  ufe  in  pradlice,  C.  Bofllit  has  refumed 
his  two  memoirs,  which  he  has  thrown  into  one,  fimplit'ying 
his  calculations  in  feveral  places.  He  has  made  a  cfreat  many 
additions  both  in  theory  and  pra6fice,  fo  that  the  whole  now 
forms  a  work  which  niav  be  confidered  as  new. 

Comet,  ^ 

C.  Meiflier  read  a  note  on  the  comet  which  he  difcovered 
on  the  1 2th  of  Jul v  laft,  about  half  after  ii  in  the  evening. 
It  had  a  very  faint  light:  in  41  minutes  time  it  had  24''  40^ 
dlre6l  motion  in  right  afcenfton,  and  6^  38'^  in  northern  de- 
clination dccrcafing.  The  fame  comet  was  feen  the  fame 
day,  and  almolt  at  the  fame  inftant,  by  Mechain  and  Bou- 
vard ;  and  the  latter  obferved  it  on  the  meridian  at  11  h.  57' 
49"  true  thiie.  Its  right  afcenfion  was  111°  15',  and  its 
northern  declination  69^  30^. 

It  has  iince  been  known  that  it  was  obferved  the  fame  day 
at  Marfeilles  by  C.  Pons,  who  had  even  feen  it  the  day  be- 
fore. But  the  clouds  did  not  then  permit  him  to  afcertain, 
by  regular  obfervations,  whether  it  was  a  comet  or  only  a 
iiebulus.     Mechain  has  calculated  its  elements. 

OhfeTvation  of  the  Summer  Soljiice  of  the  Year  9  (1801). 

Duc-la-Chapelle,  aflfociate,  has  communicated  to  us  the 
refult  of  the  obfervations  he  made  at  Montauban,  to  deter- 
mine the  folftitial  altitude  of  the  fun  and  the  obliquity  of  the 
ecliptic. 

By  the  mean  of  nine  days  obfervations  he  found  the  appa- 
rent .Sliqu'ty  to  be  23'  28^  9'^,  fuppoling  the  femi-diameter 
of  the  fun  15'  48'',  and  the  latitude  of  his  obfervator\'  44° 
o'  52". 

Thefe  obfervations  were  made  with  Lacaille's  fextant ;  and 
It  would  perhap?  be  proper  to  take  from  the  tables  of  that 
aftronomer  the  diameter  of  the  fun  and  the  refractions  which 
he  determined  w  ith  the  fame  inftrumenl,  becaufe  thefe  tables 
contain  alfo  tTie  errors  of  that  fextant.  By  thefe  means  the 
obfervations  of  Duc-la-Chapclle  would  agree  with  ours.  By 
a  mean  of  eighteen  days  obfervations,  made  with  Borda's 
circle,  I  fomid  the  obliquity  to  be  23°  28''  8"^.     Mechain 
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and  Le  Francois  found  the  fccoiids  to  be  oiilv  from  6  to  7. 
It  is  exccediniilv  difjcult  to  avoid  ibefe  fniall  differences. 
Uniting  my  obfcrvations  for  three  vears,  I  XiwiS^  by  taking 
a  mean,  that  the  apparent  obliquitv  at  the  funnner  folftice  of 
the  year  8  (1800)  was  23"'  iV  6*^4,  or  23''  27  58"  for  the 
mean  abHquity.  The  obfervations  of  Bradlev,  Maver,  La- 
caille,  anil  Le  Gentil,  gave  nearly  23^  28'  iS'^  for  1 750;  it 
would  thence  refult  that  the  fecular  diminution  is  only  40'' 
infield  of  the  50''  which  xre  generally  fuppoled.  A  part  of  the 
difference  may  arife  from  the  obfervations,  and  particularly 
the  old  obfervations,  which  perhaps  ought  to  be  examined 
with  the  more  corrcft  elements  which  are  employed  at 
prefent. 

Remarhs   on  the   Fifty  Tboufand  Stars,   the  Ohfervalioris  of 
ivhich  have  been  pibiifhed  by  Lalande. 

Lalande  has  announced,  in  the  preface  to  his  H'lfoire  Cc- 
lejfe,  that  there  are  in  the  heavens  a  great  many  vacant 
fpaces,  many  changing  ftars,  and  manv  red  ftars.  He  has 
now  given  further  details  refpefting  thefe  obj-r^ts  in  a  memoir 
accompanied  with  tables.  By  vacant  fpaces  Lalande  here 
underflands  fpaces  in  which  no  ftars  are  fecn  of  the  ninth 
magnitude,  which  are  the  fmalleft  that  can  be  perceived  with 
an  achromatic  telefcope  of  fixty-feven  millimetres  aperture 
(about  2 5  inches)  for  illuminating  the  objeci-glafs  that  the 
threads  mav  be  fecn.  It  is  beyond  all  doubt,  that,  by  ex- 
cludino-  all  foreign  light,  and  emploving  the  ftrongeft  magni- 
fvino;  crlaffes,  thefe  vacant  fpaces,  properly  fo  called,  would 
be  found  to  be  confiderably  diminiilied  in  number;  and  per- 
hrii:3  ther-  is  not  in  the  whole  heavens  a  fingle  place  to  which 
a  telefcope  could  be  pointed  without  feeing  a  great  number 
.of  ftars,  but  below  the  ninth  magnitude,  and  coniequently 
too  faint  to  be  of -any  ufe  in  agronomy. 

La'aixle  gives  a  catalogue  of  all  thefe  vacant  fpaces;  that 
is  to  fay,  bis  table  contains  the  right  afcqnlion  and  declina- 
tion of  the  centi:e  of  each  of  thefe  fpaces. 

The  chanifine;  liars  are  contained  in  a  fecond 'fable,  and 
:are  in  .nun;^bcr  thirtv-one.  There  are  only  twelve  the  pe- 
riods of  which  are  known,  but  there  are  feveral  others  which 
decreafe  in  magnitude  fo.  as  to  difappear  at  intervals.  JBv 
attentive  obfervation,  tlie  tim-e  which  elapies  between  two 
.confccutiye  diiap^pear^nces  niight  be  determined  j  and  this  | 
.kind  of  obfervation  Lalande  recommends  to  the  curiofity  of 
.thul'e  who,  being  poffefled  of  onlv  moderate  inftrumen.ts.,  may^ 
.j^jwcver,  be  denrous  of  being. ufeful  to  aftronomy. 
,     Tlic  third  talkie  contains  thirty-three  ftars  of  a  red  colour. 

Aboui 
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About  die  year  1756  Maver  had  remarked  this  tint  in  the 
ninctcciuh  of /'//tr^',  which  he  denotes  in  the  regiRerofhis 
obfcrvations  by  the  epithet  o'i  nih'icunJa,  as  we  have  fecn  by 
the  copy  fent  to  us  by  M.  Lichtemberg  of  all  the  obfervations 
made  by  Mayer  on  the  day  on  which  he  obferved  the  planet 
of  Herfchel.  Michel!  and  Bailli  fuppcfe  that  the  colour  of 
the  ftars  may  depend  on  the  ditTerent  intenlity  of  their  fire, 
or  the  degree  of  their  inflammation  ;  and  that  the  red  colour 
may  indicate  a  fire  decreallng.  Under  this  idea  it  might  be 
of  importance  to  examine  the  changes  of  colour  which  the 
ftars  experience.  Howeyer,  thefe  yariations,  if  they  exill, 
are  doubtlefs  exceedinolv  flow;  for  the  ditTerent  (liades  at 
pvefeut  remarked  between  Antares,  Arcturus,  Aldebaran, 
Syrius,  and  the  Lyre,  exifted  in  the  time  of  Ptolemy. 

Extrad  from  a  jSlemoir  on  the  Degree  of  ^lagnet'tfm  acquired 
by  Bars  of  Steel  of  differ  cut  Thicknef's,  ml  on  j'ovie  Refults 
in  regard  to  the  Magnetic  Needle,  h}>  C.  Coulomb. 

Almoft  all  the  mao-netic  phasnomena  can  be  fubjccled  to 
calculation  if  we  fuppofe  in  iieel  two  magnetic  fluids,  in  each 
of  which  the  moleculce  repel  each  other  in  the  inverfe  ratio 
of  the  fquares  of  the  difl^ances,  and  attraft  in  the  fame  ratio 
the  particles  of  the  other  fluid.  This  law  was  jvroyed  by 
Coulomb  in  the  Memoirs  of  the  ..cademy  for  1786,  from 
experiments  which  appear  decifive. 

When  fi;eel  is  in  its  natural  (late,  and  not  magnetized,  the 
two  fluids  are  neutralized  by  each  other;  that  is  to  fay,  they 
keep  each  other  mutually  in  equil'brium,  and  no  longer  exer* 
cifc  any  action,  fince  one  of  the  fluids  attracts  a  magnetic 
molecula  with  the  fame  force  as  the  other  repels  it. 

When  the  fluids  are  feparated  they  tend  to  unite  and  to 
neutralize  each  other;  and  they  would  indeed  unite  were 
there  not  a  coercive  force  which  oppofes  this  imion.  This 
force  may  be  either  the  adheflon  of  the  moleculce  of  the  fluid 
to  the  fteel,  or  the  friction  which  they  experience  in  pafl^ing 
from  one  poinj;  to  another. 

The  author  has  proved  [Memoir es  ue  V Academie  1787, 
p.  491)  that  whether  the  two  fluids  uerc  feparated  and  car- 
ried each  to  an  extremity  of  the  bar,  or  whether  they  were 
only  difplaced  in  each  molecula  of  the  ftecl  without  the  power 
of  paflBng  from  one  molecula  to  another,  calculation  gave  the 
fame  refuh.  He  has  proved  at  the  fame  time  that  the  latter 
fuppofltion  is  the  only  one  which  can  agree  with  experience. 

According  to  theie  fuppofitions,  a  bar  of  flcel  may  acquire 
every  degree  of  magnetifm,  provided  that  there  is  no  point  in 
it  where'' the  refult  of  the   aclion  of  all  the  moleculfe  of  the 
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fluid  of  the  bar  which  aft  on  the  magnetic  fluid  of  that  pointy 
is  g reciter  than  the  cohcfion  which  prevents  it  from  being  dif- 
pl  a ced. 

But  among  all  the  degrees  of  ma gnctifni  there  is  one  which 
may  be  called  the  point  of  faturation,  or  the  maximum  of 
magnetifni ;  it  is  that  where  the  refult  of  the  forces  on  each 
mohrcula  is  prccifely  equal  to  the  adhefion  of  that  molecula 
to  the  Iteel.  It  mav  be  readilv  conceived  that  when  it  attains 
to  this  ftate  the  bar  has  the  hisfhefi;  deoree  of  magnetifni 
which  it  can  acquire;  it  is  alfo  that  decree  which  ought  to 
be  d'iven  to  bars  deftined  for  makinfi  needles  to  the  mariner's 
com  pais. 

T';  know  whether  a  needle  be  maenttized  to  faturation, prac- 
tice f-^ems  to  furnifli  but  one  mellvid,  which  is.  to  magnetize 
it  wii^i  bars  of  diff'erent  ftrength.  If  a  bar,  for  example,  be 
fucceilixelv  maiineazed  wilh  bars  the  force  of  which  is  as 
I  to  2,  and  if  the  bar  the  firlt  time  has  the  fame  direcl:ive  force 
as  when  magnciized  with  the  ftrongeft  magnets,  it  appears 
that  we  may  thence  conclude,  with  a  great  deal  of  proba- 
bility, that  the  bar  is  magnetized  to  faturation.  Theory  fur- 
niflv:s  us  with  a  more  direct  method,  which  is,  to  find  by 
calculation  what  may  be  the  directing  force  of  a  bar  mag- 
nvtized  to  faturation,  and  to  examine  whether  the  refult  of 
this  calculation  be  agreeable  to  experience.  It  was  in  this 
manner  that  Coulomb  proved,  in  the  third  volume  of  the 
Memoirs  of  the  Inititute,  p.  176,  ihat  if  two  bars  of  fteelj 
all  the  tides  of  which  are  homologous,  that  is  to  i^^\^  the  cor- 
refponding  fldes  of  which  are  in  the  fame  ratio,  be  compared 
with  each  other,  thefe  bars,  fufpended  horizontally  as  the 
needles  of  a  compafs,  will  have  the  niomenta  of  their  direA- 
jna  forces  as  the  cube  of  one  of  their  dimenfions.  This  re- 
fult  perfectly  agree.-  with  what  has  been  found  bv  experi- 
ment;    which  aftbrds  a  new  confirmation  of  the  theory. 

In  the  picfent  mem'iir  the  author  endea\ours  to  determine 
the  magnetic  ftate  of  feveral  bars  united  in  fucceffion  one 
above  he  other,  or,  what  a.iiounts  to  the  fame  thing,  to  de- 
termine the  force  of  diflerent  bars  in  refiard  to  their  thickncfs. 
But  it  may  be  e.iiily  conceived  that,  if  the  theorv  adopted 
is  agreeable  to  nature,  when  two  bars  of  great  breadth,  and 
very  thin,  arc  magnetized  to  faturation,  each  point  magnet- 
ized, in  the  two  bars  i.nited,  will  experience,  on  the  part  of 
thefe  two  bars,  an  a6lion  almoft  double  to  that  which  the 
fame  point  would  experience  if  each  l-ar  magnetized  to  fatu- 
ration were  infulated.  Thus,  hv  uniting:  the  two  bars,  each 
of  them  ought  to  retain  only  a  little  more  than  half  the  mag^ 
netifm  which  it  had   when  infulated^  lince  the  adhefion  is 

the 
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the  fame  for  two-  bars  as  for  one.  This,  indeed^  the  author 
proved  by  taking  two  bars  of  a  white  temper  of  80  milli- 
metres (3,14960  inches)  in  length,  a  third  of  a  milli- 
nietre  (0*01312  inch)  in  thicknefs,  and  forty  millimetres 
(1,57480  inch}  in  breadth.  Experience  Ihowed  that  the  ratio 
of  the  momentum  of  the  direcStms;  force  of  one  inlulated  bar 
to  that  of  the  fame  bar  united,  is  as  185  to  ico,  or  nearly, 
as  may  be  feen,  the  ratio  of  2  to  i. 

But  it  mav  be  readilv  conceived  that,  in  proportion  as  bars 
have  more  thicknefs  and  lefs  breadth,  as  the  tiuid  condenfes 
itfelf  in  the  edpcs  and  angles  to  which  it  is  impelled  in  one 
direclioii  without  experiencing  reaclion,  it  muft  then  happen 
that  this  ratio  will  be  diminiflied.  In  this  refpe^t,  experience 
gave  a  refult  of  great  importance  to  practice.  It  is  a  ratio 
almoft  conftant;  fo  that,  if  a  bar  a  millimetre  (0*03937  inch) 
in  thicknefs  be  j  jined  10  another  of  the  fame  thicknci's;  if  thefe 
two  bars  be  magnetized  to  faturation  leparatelv,  arhJ  if  they 
be  then  masrnetized  io<rether  united,  the  ratio  of  the  mo- 
mentum of  their  directing  lorces  in  thefe  two  cafes  will  be 
very  nearly  as  165  to  100. 

This  ratio  takes  place  alfo,  as  theory  indicates,  and  as  is 
confirmed  by  experience,  whether  the  bars  be  hardened  of  a 
white  temper,  or  whether  they  be  tempered  to  the  fame  de- 
gree of  fpring,  proyidcd  they  are  compared  in  the  fame  (late 
of  temper  and  hardnefs. 

It  muft  however  be  remarked,  that  either  by  the  method 
by  which  we  magnetize,  or  fome  other  property  of  the  mag- 
netic fluid  which  theon^  has  not  yet  appreciated,  when  a  bar 
very  long  compared  with  its  other  dimenfions  13  magnetized, 
the  whole  fluid  proceeds  towards  its  extremities  in  an  extent 
fo  much  narrower  as  the  breadth  and  thicknefs  of  the  bar  are 
lefs,  and  as  the  degree  of  temper  is  greater.  Between  thefe 
two  parts  there  is  an  interval  which  irives  fcareely  any  lion  of 
magnetifm;  whence  it  happens,  that  by  joininc:  two  vcrv  inner 
bars  the  preceding  law  cannot  have  place,  becaufe  the  a6lioii 
of  the  magnetifm  of  the  two  bars  united  only  caufes  themair- 
netic  fluid  to  flow  back  into  the  parts  which  save  no  liga  of 
magnetifm  when  each  needle  was  infulated. 

It  is  only  with  needles  then  which  give  iigns  of  mainetifm 
throughout  their  whole  length  that  we  ought  to  find  an  at^ree- 
ment  between  experience  and  theorv.  It  is  always  found, 
for  example,  that  if  the  directive  force  of  an  infulated  bar  of 
two  hundred  millimetres  (7,87400  inches)  in  length, 'what- 
ever may  be  its  other  dimenfions,  is  to  the  dire(::\ive  force  of 
the  fame  bar,  when  united  with  one  equal  to  it,  as  165  to 
1005  all  iliorter  bars  will  give  the  lame  refult,  and  all  han- 
dles 
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dies  formal  of  fucb  bars. will  *!:ive^  in  regard  to  a  bundle 
double  in  thickncfs,  the  fame  retail. 

Tbcory  indicate^  alfb,  that  wherj  a  bar  is  coinpr.rcd  wiih 
Ufclf  •in  diti'^rent  ltatc>,  wii.iuner  inay  b^  its  diuiciuions,  if 
it  be  magnetized  to  fauiration,  \V6  dire^iivc  force  mieht  to 
be  aui^mentcd  with  .he  Ciercivc  ^orce  wbieh  kee^io  llie  niaor- 
neiielluids  leparateu.  But  as  this  coercive  force  iscoiiftant  ior 
equal  ftates  of  the  Ueei,  it  thence  rcliths,  that  whattr/er  may 
be  the  dimenfions  of  a  bar  it  will  jiive  a  coultant  ratio  when 
it?  duecti'e  iorce  is  comjxared  in  tuo  diflercDt  ftates.  Here, 
alfo,  experience  is  agreeable  to  ihcorv.  Bars  made  froiii  the 
fame  piece  of  Elngli  ill  frcel-plate,  wljatever  their  number  and 
dimeiifions,  v\  hen  hardened  at  'a  cherrv  red,  gave  directive 
lurces  greater  than  when  brought  doun  (rom  a  higher  to  that 
temper  in  the  ratio  of  24  to  ip,  whicU  aniK>uaicea  that  the 
coercive  forces  are  in  the  fame  ratio. 

The  fame  bars  brought  to  a  blue  temper  gave,  in  reoiard  ta 
ihofe  brought  dow-n  to  a  white  temper,  the  ratio  of  164  to 
100;  but  \\\  this  there  is  a  little  variety,  becaufe  it  is  idnioil 
jmpoilible  to  enfure  the  fame  degree  of  tempering. 

In  fteel  of  inferior  (juality  there  is  itlil  more  advantage  in 
giving  it  a  greaier  deoree  of  temper.  The  arkUhor  found  bars 
of  German  ftcel  the  coercive  force  of  which,  when  thev  were 
tempered  at  a  cherry  T'i<\,  was  to  the  llune  force,  when  brouglu 
from  a  higher  to  tiie  fame  temper,  as  34  to  10;  but,  on  the 
other  hand,  this  fteel  brought  to  a  white  temper  has  a  di- 
rective force  much  iefs  than  lleel  of  the  Englilh  plates. 

C.  Coulomb  has  read  to  the  cials  only  this  firlt  part  of  his 
memoir. 

The  fecond  part  is  defined  to  determine  the  curve  of  the 
magnetic  denhties  and  its  extent  in  bars  of  a  white  temper, 
in  thofe  brought  back  to  the  itate  of  fpring,  and  in  thofe 
brought  down  to  white  temper.  The  objec'^t  of  this  refearch 
is  very  interefting,  either  for  conftructing  artiticial  magnets, 
or  for  lixing  the  itate  and  dimenfions  of  needles  moft  advan- 
tageous for  thofe  employed  in  the  mariner's  compafs.  The 
author  found,  for  example,  that  Vxhen  the  bars  are  very  long 
in  reg-.rd  to  tticir  other  dimenfions,  it  is  of  advantage,  after 
thev  are  tempered  almott  to  a  white,  to  bring  them  back  to 
blue;  for  the  excellent  cylindric  wires  of  fteel  ufed  in  com- 
lii^rce,  \vhen  magnetized  with  the  (Irqngeu  magnets,  have  the 
fane  directive  force  whether  they  are  tempered  to  a  white  or 
iire  brought  back  to  the  ftate  of  blue  fpring  when  their  length 
js  thirty-three  times  their  diameter;  but  if  they  are  much 
lonetr  than  thirty-three  times  their  diameter  there  is  a  great 
advantage  in  briniriug  them  to  the  ftate  of  fpring}  and  on 
"6  the 
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the  other  hand,  when  their  length  is  much  lefs  than  thirty^ 
three  times  their  diameter,  there  is  a  very  great  advantai^e  in 
tempering  them  white.  The  caufes  of  thefe  varieties  will  be 
detailed  in  the  fecond  part  of  this  memoir;  and  it  will  there 
be  ietn,  fays  the  author,  that  thev  onlv  confirm  theorv, 
which  he  has  always  compared  w  ith  experience,  in  the  dif- 
ferent memoirs  publi(hed  in  the  volumes  of  the  Academy  of 
Sciences  and  thofe  of  the  Inftitute. 

Phvfics. 

C.  Cuvier,  fecretary,  read  the  following  notice ; 
On  the  Gas  obtained  from  the  RedvMion  of  the  Oxide  of  Zinc, 
a7id  the  Nature  of -Charcoal. 

The  aeriform  fluid  obtained  by  reducing  the  oxide  of  zinc 
by  charcoal  was  ftatcd  by  C.  Guyton  to  be  a  gafeous  oxide 
of  carbon,  that  is  to  fay,  carbonic  acid  with  excefs  of  bafe. 
Continuing  to  reafon  on  this  hypothefis,  Guvton  thought 
that  the  fubftance  found  there  in  excefs,  being  verv  much 
divided  and  weaklv  retained,  ought  to  be  very  much  difpofed 
to  exercife  its  affinities,  and  that  it  could  operate  reductions 
cold  and  in  the  wet  wav.  Trials,  however,  made  with  folu- 
tions  of  lead,  mercurv,  and  filver,  did  not  anfwer  his  expecta- 
tion. The  gas  experienced  no  alteration  in  thefe  liquors ; 
but  when  put  in  contact  with  oxygenated  muriatic  acid  there 
was  a  fpontaneous  combuftion,  and  the  eas,  converted  into 
common  carbonic  acid  by  the  acceffion  of  the  oxveen  of  the 
muriatic  acid,  became  capable  of  precipitating  lime  water. 

Berthollet  had  a  peculiar  opinion  in  regard  to  ihe  manner 
in  which  this  redu«Stion  of  the  oxide  of  znic  takes  place,  and 
v.hich  he  explained  by  the  compofition  of  common  charcoal, 
which  contains  a  large  quantity  of  hydrogen. 

This  doctrine  he  has  endeavoured  to  eftablifli  bv  a  very 
extenfive  difliertation  on  the  nature  of  charcoal,  and  the  dif- 
ferent products  thence  obtained. 

For  this  purpoie  he  refumed  all  the  labours  of  his  prcde- 
Ceffors  on  charcoal,  and  fubje^ted  them  to  a  ntw  examina- 
tion. He  has  ihown  that  Lavoilier  was  not  altofrethcr  exact 
in  bis  analvfis  of  the  carbonic  acid,  becaule  at  that  period 
lie  was  not  well  acquainted  with  the  fuecific  gravity  of  oxvgen 
^as,  and  becaufe  he  did  not  pay  attention  to  the  water,  of 
which  the  carbonic  acid  always  contains  a  great  deal.  He 
hrinrrs  forward  the  proofs  which  C  Monge  gave  of  thislaft- 
m^nuoned  fa6t,  and  has  eitablilhed,  that  common  charcoal 
Contams  a  large  qnanlitv  (^{  hvdroocn  and  a  little  oxvgen. 
Me  has  (hown  that  this  charcoal  diitilied  in  a  pneumato- 
chemical  apparatus  gives  carbonated  hydrogen  gas  only  as 

long 
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long  as  its  oxygen  is  not  cxbaufted,  becaufe  a  little  of  the 
latier  fubltance  is  neceflarv  to  produce  that  gas,  which  con- 
fequentlv  is  a  ternary  combination.  The  rcfiduum  then  con- 
tains onlv  carbon  and  a  lefs  quantity  of  hydrogen  thaa 
fimple  heat  can  deprive  it  of ;  and  the  diamond,  according 
to  Bcrthollft,  differs  from  calcined  charcoal  only  by  its  not 
containing  hydrogen,  and  not,  as  Guyton  thought,  becaufe 
the  charcoal  already  contains  oxygen. 

In  regard  to  the  different  combinations  which  contain 
hydro2;en  and  carbon,  Berthollet  divides  them  into  two 
claffes  :  the  ternary,  u  hich  contain  oxygen,  alfo  fuch  as  the 
gas  extricated  from  fugar,  that  obtained  from  metallic  oxides 
v>  ith  charcoal,  and  that  which  carbonate  of  barytes  produces 
with  the  fame  fubftance,  &c.;  and  the  binary,  which  contain 
no  oxygen,  as  the  gTis  known  under  the  name  of  olefymg, 
that  extracted  from  tilcohol  and  oil,  and,  in  all  probability, 
that  arifing  from  the  decompofition  of  water  by  charcoal. 
His  method  to  determine  whetlier  gas  contains  oxygen  or  not, 
is  fimple  and  ingenious.  It  conlifts  in  general  m  burning 
the  cas,  and  obfervino;  whether  the  oxv2;en  it  has  confunied 
during  its  combuftion  has  been  fufficient  to  produce  the 
refults.  In  the  contrary  cafe,  the  sas  burnt  muft  have  al- 
ready  contained  a  greater  or  lefs  quantity  ot  it. 

Berthollet  has  examined  alfo  the  compofition  of  the  car- 
bonic acid,  not  by  a  direct  method,  but  by  admitting  as  true 
the  proportion  which  bell  correfponded  to  all  the  experiments 
which  his  refearches  required.  ico  cubic  inches  of  this 
acid,  contain,  according  to  Berthollet,  84  cubic  inches  or  43 
grains  of  oxygen,  16  grains  of  carbon,  and  from  9  to  10  grains 
of  water. 

In  regard  to  the  queftion  which  gave  rife  to  all  this  labour, 
Berthollet  confiders  the  sfas  refultino-  from  the  reduction  of 
zinc,  as  a  ternary  compound  of  carbon,  oxygen  and  hydrooen, 
in  the  proportion  of  two  parts  of  hydrogen,  feven  parfs  of 
earbon,  and  thirty-two  of  oxygen. 

While  the  French  chemilts  were  difcuffing  this  queftion 
with  fo  much  activity,  it  engaged  the  attention  of  foreigners 
alfo.  Mr.  Cruickdiank  gave  to  the  gas  obtained  the  fame 
name  as  Guyton,  viz.  oxide  of  carbon.  He  however  faw 
water  formed  in  all  his  experiments  except  one,  where,  by  the 
nature  of  the  fubltances  employed,  no  more  ought  to  have 
been  produced  than  juft  as  much  as  the  carbonic  acid  pro- 
duced at  the  fame  time  could  abforb  :  thus  the  refults  of  the 
Engiiih  chemilt  were,  at  bottom,  the  fame  as  the  lall  made 
by  Berthollet,  though  hs.  employed  the  denominations  of 
-Guyton. 

XXXIII.  Intel- 
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XXXIII.  Intelligence  and  Mifcellaneotcs  Articles, 
Novernber  1801. 

GALVANISM. 


.  TOURDES,  profeilbr  in  the  School  of  Medicine  at  Straf- 
burgh,  has  lately  communicated  the  following  notice  on  this 
fubject  to  profeflbr  Volta  : — '•'  The  confidence  and  fricndfhi:? 
of  wliich  you  have  fo  often  given  me  proofs  during  my  refi- 
dence  in  Italy,  embolden  me  to  communicate  to  vou  the  re- 
fult  of  an  experiment  which  appears  to  me  to  refoKe  one  of 
the  mo(t  difputed  points  of  phvfiologv,  that  of  the  viLality  of 
the  blood.  Thi;.  liquid* deprived  of  the  ferum,  lymph,  kc.  re- 
duced to  the  fibrous  part,  and  fubjeAed  to  your  o;alvanic  or 
rather  eleftric  apparatus,  (for  the  identity  of  the  galvanic 
and  electric  fluids  have  been  cftablifhed  in  an  inconteftable 
manner  by  your  late  refearches)  at  the  temperature  of  about 
30  degrees  of  iieaumur,  exhibited  a  trembling  ofcillation  and 
palpitation  analogous  to  thofe  experienced  by  flefli  of  animals 
newlv  killed;  a  double  viotvm  of  contraclvjji  and  dilatatidny 
fenlible  to  the  eye  by  means  of  a  masrnifvino;  a-lafs  ;  a  charac- 
teriftic  mark  of  the  vital  force  peculiar  to  the  mulcles,  cel- 
lular tilTue,"  &:c. 

Since  our  laft  publication  fome  interefiing  experiments 
have  been  performed  with  the  circuit  of  Volta  that  have  given 
refults  which,  thoueh  analo2;ous  to  fa6ts  before  l:nown,  were 
equally  new  and  interefiing,  and  ferve  to  prove  that  we  are  as 
yet  only  entering  the  threfliold  of  the  inquiry  refpecting:  its 
powers,  and  the  purpofes  to  which  it  it  may  hereafter  be  ap-. 
plicable. 

The  experiments  alluded  to  Vvxrc  performed  bv  the  Af- 
kefian  Society  on  the  4th  inftant,  boing  their  fecond  meeting 
for  the  pre  fen  t  Jeffion. 

The  batterv  conli'.ied  of  two  troucrhs,  each  containino;  60 
plates  of  lllver,  and  an  equal  number  of  zinc;  ui  all  120 
pairs  of  metallic  plates,  each  2J:  inches  lljuare,  or  containing 
^_V  fquare  inches  ot  furlace. 

By  means  of  this  battery  the  Societv  defla2;raled  gold  with 
great  facility.  The  gold  in  thin  leaves  was  connected  with 
one  end  of  the  battt;ry,  and,  on  being  brought  into  Jonta6t 
with  the  exterior  plate  of  the  other  end  to  complete  tht  circuit, 
inilantly  iiiiiamed.  The  combaftion  only  went  on  at  thofe 
points  in  which  the  gold  leaf  and  the  plate  were  jti  contacf, 
and  ceafed  cntiielv  unlefsthe  gold  was  kept  advancing  againll 
the  plate,  to  fnpply,  by  frefh  portions  brought  iiito.  contact, 
3     '       '  "^  tiie 
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the  place  ofthofe  burnt  away.  It  is  lingular  that  no  oxide  or 
refidue  of  anv  kind  could  be  dilcovered ;  and  it  is  probable 
that  the  gold  was  volatilized  by  the  fame  heat  that  occafioned 
its  deflagration  :  this  point,  however,  is  to  be  further  invef- 
tigated,  when  a  larger  portion  of  gold  will  be  expofcd  to  the 
ac^lion  of  the  Voltaic  circuit,  to  determine  with  ;:ertainty 
whether  the  w  hole,  or  any  part  of  it,  is  converted  into  vapour. 
In  our  number  for  September,  we  mentioned  the  combuf- 
tion  of  phofphorus  by  the  V^oltaic  trough,  which  was  cffcclcd 
bv  putting  a  fmall  piece  on  the  point  of  an  iron  wire,  and 
deflaoratiniz;  the  wire  bv  brincrinci;  it  iu  contact  in  the  circuit. 
By  (imilar  means  the  Society  exploded  s:unpowder,  A  fmall 
portion  of  it  was  difpofed  in  the  folds  of  fome  gold  leaf,  which 
was  then  deflagiated  in  the  manner  already  defcribed^  and 
inflamed  the  powder, 

CHEMISTRY. 

A  new  faft  was  mentioned  at  a  late  meeting  of  the  Brltifli 
Mineralogical  Society,  by  Mr.  Sandman,  one  of  the  mem- 
bers, and  an  excellent  chemift.  Some  months  fince,  to  one 
part  of  butter  of  antimony  he  added  five  parts  of  water:  in- 
llead  of  an  inftant  precipitation  taking;  place,  the  mixture  af- 
fumed  the  form  of  a  thickifh  mafs,  of  fuch  a  confiftencv,  that 
it  would  not  even  pour  from  the  veffel.  After  four  months, 
the  mixture  began  to  clear  itfelf,  and  threw  down  a  quantity 
of  very  \\  bite  fmall  cryftals,  fome  of  which  were  laid  before 
the  Society.  Their  form  could  not  be  accurately  determined, 
but  fecmed  to  approach  the  cubic.  A\'hether  they  be  a  cryf- 
tallized  oxide,  or  merely  a  muriate  of  antimony,  has  not  vet 
been  afcertained ;  but  the  queltion  is  to  be  invelligated,  and 
the  experiment  will  be  repeated  on  a  large  fcale. 

The  inp;euious  Mr.  Davy,  of  the  Royal  Inftitution  of  Great 
Britain,  has  been  occupied  for  fome  time  in  a  feries  of  expe- 
riments upon  tanning,  which  will  foon  be  laid  before  the 
public.  He  has  tried  a  number  of  woods  and  barks,  befides 
thofe  that  have  been  hitherto  thought  exclufively  adapted  to 
the  purpofe,  and  has  met  with  feveral  that  contain  the  tan- 
ning principle  in  great  quantity.  His  experiments  will  lead 
to  .a  great  faving  in  the  cxpenfe  of  even  oak  bark,  which  it 
has  been  ufual  to  have  picked  and  feparated  from  one  part  of 
the  rind,  which  is  found  to  be,  notwithftanding,  as  rich  in 
tan  as  any  other  part  of  the  bark.  One  circumltance  re- 
marked by  this  chemilt  is  curious:  Acorns  do  not  feem  to 
contain  i^  their  natural  Itate  any  portion  of  tan;  but  after- 
being  baWd  in  a  heai  of  about  212^  F.  they  are  found 
to  contain  a  confiderable  quantity.  If  they  be  overbaked, 
they  again  lUe  that  quality. 

The 
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The  fame  ciiemif^  is  cno^ngx^d  in  analyfing  the  ink  of  the 
cuttle-fiih.  The  experiments  are  riol  linilhed,  but  IVom  the 
protrrefs  he  has  made  it  appears  to  be  earbon  held  in  fonie 
itate  of  folution. 

MKTEOKOLOGV. 

A  ph^tnomenon  was-  feen  to  pafs  Batan  Rouge,  on  the 
Miilitlippi,  in  the  latitude  of  3  i"^  north,  on  the  night  of  the 
5[h  ot  April  1 800, <4  which  the  following  is  the  be(t;  defcrip- 
liou  we  have  been  able  to  obtain  *  : — Lt  was  firft  fceu  in  the 
foiith-wett,  and  niovetl  fo  rapidlv,  paffine  over  the  heads. of 
the  (jK'ctators,  as  to  difup}x*ar  in  the  north-ealt  in  about  a 
quarter  of  a  niitHite.  It*  apparent  fize  was  that  of  a  lafee 
honfe  feventv  or  eiehU\focl  long,  and  of  a  form  nearly  re 
fembling  the  annexed  ligurc  (Hate  ^^  ^^^^' ^') 

It  appeared  to  be  about  2CX5  vards  above  the  furface  of  the 
earth,  whollv  luminous,  but  not  emitting  fpi^rks  ;  of  a  colour 
refembting  the  fun  near  the  horizon  in  a  cold  froftv  evening;, 
and  which  may  be  called  a  crimfon  red.  vV^hen  paffing  rieht 
over  the  heads  of  the  fpeclators,  the  light  on  the  lurface 
of  the  earth  was  little  fliort  of  the  etfecl  of  fun-beams. 
thoufirh  at  the  fame  time,  looking  another  way,  the  itar?; 
were  vilible ;  which  aj)pears  to  be  a  conlirmatlon  of  the  opi* 
nion  formed  of  its  moderate  elevation. 

In  paffinir,  a  confideTable  degree  of  heat  was  felt  by  thofe 
who  faw  it,  but  no  electric  lenllition.  Immediaidy  after  it 
difappeared  in  the  north-eatt,  a  violent  rudiing  noife  was 
heard^  as  if  the  phccnomcnou  was  bearing  dossn  the  fored 
before  it,  and  in  a  few  feconds  after  a  tremendous  cratli, 
fimilar  to  that  of  the  largeit  piece  of  ordnance,  caufiiig  at  ih^^ 
fame  time  a  very  fenfible  earthquake. 

Search  being  afterwards  made  in  the  place  uliere  the  burn- 
ing body  fell,  even.'  vesfctable  bodv  was  tound  burnt  or  greatly 
fcorched,  and  a  conliderable  portion  of  the  furface  of  the 
earth  broken  up. 

ASTRONOMY', 

Profeffor  Bode,  of  Berlin,  has  received  two  letters  from 
M.  Piazzi  of  Palermo,  in  which  that  indefatigable  obferver 
of  the  heavens  declares  that  lie  is  novvconvinced,  as  profellbr 
Bode  is,  that  the  ftar  difcovered  on  the  13th  of  January  lait 
is  a  planet,  though  ouin<j;  to  the  faintnefs  of  its  light  he  at 
^irft  thought  othcTwifc.  He  adds  alio,  that  it  will  not  be 
vifible  till  Noveniberf.  The  German  aiirononiers  pjopofe  to 

•  Communicated  in  a  letter  from  W.  Dunbar.  Kfl|.  (oneof-thc  g^entle- 
men  employed  in  rnnning  the  line  of  demarcntion  between  the  United 
States  of  America  and  the  Spanifh  fcttlerr.ents)  to  Mr.  i>v^h,  of  Fen- 
churcii-ftrect. 

f  In  England  the  general  belief  is  that  thi^  fuppofed^planec  will  turn 
out  to  be  a  comet. 

call 
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call  this  new  planet  Juno,  by  analogy  to  the  names  of  the 
other  planets ;  but  M.  Piazzi  wifhes  that  it  fhould  be  called 
Ceres  Fernamiia,  in  allufion  to  Sicily,  which  is  confecrated 
to  Ceres,  and  to  the  name  of  the  monarch  who  at  prefcnt 
reifns  over  that  country. 

STATISTICS. 

The  French  miniller  of  the  interior  is  now  employed  in 
collecling  materials  for  a  ftatillic  defcriptioii  of  France.  An 
account  of  fifteen  departments  has  already  been  received, 
fome  of  which  the  minifter  has  publifhed.  The  names  of 
the  departments,  refpecling  which  memoirs  have  been  re- 
ceived, are,  Allier,  Upper  Alps,  Aude,  Cher,  La  Drome, 
Ille-et-Vilaine,  Mont-Blanc,  Orne,  Ourthe,  Upper  Saone, 
Two  Sevres,  Tarn,  Var,  Vofges,  and  La  Vendee.  Thefe 
memoirs,  v^^itten  by  the  prefects  of  the  different  departments, 
contain  interefting  facts,  and  curious  details,  refpecling  the 
different  diftritSls  of  France,  and  will  form  the  firlt  collection 
of  positive  information  refpecling  the  ftate  of  that  extenfive 
country. 

EARTHaUAKE. 

The  following  are  the  particulars  of  an  earthquake  which 
took  place  at  Bologna,  as  infcribed  in  the  regifters  of  the 
obfervatory,  by  C.  Ciccolini: 

This  morning  (Oclober  8)  at  8  hours  52  minutes  53  fe- 
conds,  the  air  being  calm,  the  fky  overcalt,  and  Reaumur's 
thermometer  at  13  6J,  I  felt  three  ftrong  fhocks  of  an  earth- 
quake. The  direction  of  the  firft  was  from  north-eaft  to 
fouth-weft :  the  undulation  gradually  decreafed,  when  a  fe- 
cond  and  a  third  fliock  were  felt  in  the  fame  direction  as  the 
firft.  Thefe  three  fliocks  were  in  general  taken  to  be  one ; 
but  I  was  able  to  diftinguirti  them  exactly,  as  they  continued 
half  a  minute:  one  of  the  clocks  in  the  obfervatory  having 
ftopped,  I  had  the  exaCl  time  of  the  earthquake.  Some 
chimnevs  v\trre  thrown  down  in  the  citv,  one  of  which  had 
almoft  beat  in  the  ceilino-  of  an  apartment  where  the  cele- 
brated mathematician  Soladini  lodges.  The  remembrance-'?^ 
of  the  earthquakes  which  afflicted  the  city  of  Bologna  almofl 
for  a  whole  year,  in-  1779  and  1780,  occafioued  a  general 
confternalion.  It  mull,  however,  be  obferved,  that  the  Itate 
of  theatmofphere  was  very  dirferent  from  what  it  was  at  that 
period,  the  fun  being  then  pale,  the  fky  continually  obfcured 
iDy  clouls  of  a  lead  colour,  and  the  horizon  darkened  by  very 
thick  fcvTs.  Lightning  frequently  fell,  and  igneous  meteors 
appeared  under  different  forms ;  and  there  were  above  80 
aurorce  bo-eales.  Nothing  of  the  kind  took  place  during  the 
prefent  feaVju.  The  earthquake  was  felt  with  violence  at 
Catene  and  v!cuta. 
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XXXIV. '  On  the  chemical  Knowledge  which  the  Vhilofophers 
of  the  16  th  and  I'^th  Centuries  had  nf  the  different  Gafes^  ^ 
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ODERN  chemiftry  has  been  of  the  utmoft  fervice  to 
the  fcience  of  nature  in  i^ieneral,  bv  making  us  better  ac- 
quainted with  the  liner  fubftances  of  light,  caloric,  and,  in' 
particula?',  of  the  eafes  :  but  very  imperfect  would  be  our 
knowiedoe  of  nature,  verv  poor  would  be  our  harvelt  of  ne'.v 
truths,  and  verv  infio-nificant  would  be  our  progrefs  in  our 
refearches  refpefting;;  nature,  if  we  had  not  reafon,  from  the 
rapid  advance  which  philofophy  has  made  in  modern  times, 
to  flatter  ourfclves  with  the  hopes  of  a  more  accurate  know- 
ledge of  thefe  finer  fubftances.  We  fhould,  however,  be 
guiTtv  of  a  very  crreat  error,  if  we  afcribed  the  v/hole  merit 
of  this  more  accurate  knowledge  to  the  i8tli  century;  for, 
thoucrh  moil  of  the  philofophers  of  the  two  preceding  cen- 
turies either  overlooked  thele  kinds  of  gas  altogether,  or  con- 
iidered  them  as  common  air  corrupted  and  deprived  of  its 
elafticitv,  vet  fome  of  them  were  more  clear-fighted,  and  pe- 
netrated deeper  into  thefe  fecrets  of  nature. 

If  we  pafs  over  the  remoteft  traces  which  occur  here  and 
there  in  the  works  of  the  antient  writers,  J.  Baptili  van  Hel- 
niont  feems  to  Hand  at  the  head  of  thofe  more  acutc-fighted 
philofophers;  for,  though  it  cannot  be  denied  that  he  dis- 
fio^ured  his  valuable  difcovc^ies  by  numerous  fictions,  and 
concealed  them  under  new  and  commonly  barbarous  names, 
which  were  for  the  mod  part  improper:  yet  he  firft  informed 
phvficians  and  natnralids,  and  proved  clearly  by  obfervations 
and  experiments,  that,  befides  the  air  which  we  continually 
breathe,  there  are  other  fluids,  which,  though  they  approach 
verv  near  to  the  air  in  fubllety,  tranfparencv,  and  particularly 
in  elalticity,  vet  difl'er  from  it  verv  much ;  and,  as  they  difler 
alfo  from  vapours,  he  has  diftinguithed  them  by  the  parti- 
cular name  of  gas\.  He  endeavoured  to  eftablifli  the  dif- 
ference between  them  bv  this  circumltance — that  as  air  nou- 
riflies  flame,  thefe  fluids  extino:uiih  itl,  and  even  tlie  vital 
flame  §.     He  was  acquainted  alfo  with   the  air  of  the  cele- 

■"  From  Gzt'.'oigifches  'Journal  der  l^aturwijfcncbaftcn^  by  J.  F.  Gmelin, 
vol.  i.  p.  4. 

f   Ortus  Medicin:e  j  An^fterdam  1648.  4to.  p.  73. 

X  Ibid.  p.  163. 

§   Ibid.  p.  47.S7.  95.  iio.  163. 
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brated  Grotto  del  Cane,  near  Naples  *,  as  vvelT  as  with  tri€ 
exhalations  in  mines,  againft  the  pernicious  effedts  of  which 
cautions  had  been  given  long  before  bis  time  by  Andrew 
Libaviust  and  George  Agricola  | ;  and  he  knew  alfo  that 
thev  killed  animals  which  had  purpofely  or  accidentally  been 
expofed  to  them,  as  well  as  imprudent  perfons,  and  particu- 
larly miners.  He  was  in  particular  acquainted  with  that  gas 
which  fome,  becauie  it  intlames  when  it  comes  in  contact 
with  a  burning  body,  call  inflammable  gas,  and  which  others^ 
becauie  they  conlider  it  as  an  eirential  component  part  of 
water,  name  hydrogen  gas ;  and  he  knew  alfo  that  it  had 
been  obferved  before  hkn  in  mines  by  Libavius :  he  con- 
vinced himfelf  that  even  eructations  were  of  the  fame  na- 
ture, and  that  it  formed  a  principal  component  part  of 
fmoke :  he  lil<.e\vife  conlidered  flame  to  be  only  inflamed 
fmoke  §.  His  knowledge,  however,  was  not  confined  to  this 
gas  alone,  for  under  the  name  of  gas  fylvejlre  he  was  ac- 
quainted with  nitrous  ffas,  produced  by  the  adlron  of  aqua- 
fortis when  filver  is  diflolved  in  it  |{;  and  he  knew  alfo,  that 
when  it  came  in  conla<5l  with  the  atmofphere  it  formed  fiery 
red  vapours. 

He  was  well  acquainted  alfo  wrth  the  muriatic  acid  gas ; 
for  what  elfe  could  he  underftand  by  that  gas  into  which,  to 
ufe  his  own  expreflions^,  fal-ammoniae  and  aquafortis  were 
converted  when  mixed  together  and  made  luke-warm  ?  He 
knew  likewife  the  fulphuroiis  acid  gas ;  for  he  fought  in  it, 
as  a  component  part  of  the  vapour  of  burning  fulphur,  the 
reafon  why  that  vapour  extinguiflies  a  lighted  candle  or  taper 
wlicn  expofed  to  it. 

He  had  become  acquainted  alfo,  difiercnt  ways,  with  that 
gas  which  diows  itfclf  m  air  in  which  various-  bodies,  and 
particularly  coals,  have  been  burnt**;  and  on  that  account 
he  had  given  it  the  name  of  coal  gas;  though  he  had  feea 
abundance  of  it  in  various  places,  and  accompanying  other 
phcenomena,  both  in  living  human  bodies,  as  for  example  in 
belching  ft,  and  on  a  larger  fcale,  as  in  wine  and  beer  cel- 
lars, and  during  the  ctTervefcence  of  diflTerent  fubfiances  when 
acids  were  poured  upon  thcm:|:t,  in  the  Grotto  del  Cane  anxl 

""=  O'.tus  Medicirss,  p.  no.  163.  61;. 

t  CommcDtat.  Mctailic.  Francof.  ad  Moen.  ii;97.  410,  p.  zgy* 

i   De  Natura  eoruni  quae  effiuunt  ex  terra. 

§  Commcntat.  Metallic,  ut  fupra,  p.  421.  414.  84. 

!;   Ue  Aquis  Stygiis,  ut  fupra,  p.  615.  424. 

«J  Ortus  Mcdicinae,  p.  413. 

*•'   Ibid.  p.  no.  J06.110.  403,  406 — 437:  Tumulus  peftis^p.  55; 

-f-f  Ibid.  p.  116.  421.  431. 

\^  Ibid.  j\  424  i  and  De  Febribus,  c^  )X.  p.  43* 
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other  fubterranean  places*;  and  particularly  in  acid  waters, 
from  which  it  rifes  in  bubbles,  and  they  are  indebted  to  it,  he 
fays,  for  all  their  healing  qualities  f.  He  remarks  alfo  of  this 
gas  Xy  that,  as  it  extinguifhes  the  flame  of  a  lamp  or  taper,  it 
extinguifhcs  alfo  the  flame  of  life.  He  proved,  by  a  very 
iimple  experiment  §,  that  the  volume  as  well  as  the  goodnefs 
of  air  is  leiTened  by  bodies  burning  in  it;  for,  having  placed 
a  burninir  taper  under  a  ^lafs  in  Inch  a  manner  that  it  Itood 
three  inches  above  the  water  in  the  veiiel,  he  faw  the  water 
rife,  afllime  the  place  of  the  decreafing  air,  and  at  length 
extinguifh  the  taper. 

He  had  obferved  alfo  that  an  air  could  be  produced  from 
nitre,  which  \\ii  q^\\(:<\  Jlame  gas,  and  which  was  difen- 
gaged  on  coal  being  added  to  it  || ;  and  he  thence  conjectured 
the  prefence  of  vital  air  in  that  fait.  He  entertained  alfo  the 
opinion,  which  modern  chemiftry  has  fupported  by  fo  many 
concluflve  proofs,  that  all  thefe  air-like  fluids^  are  indebted 
for  their  form  to  the  efledis  of  fire,  or,  as  we  commonly  fay 
at  prefent,  to  caloric. 

It  cannot,  however,  be  denied,  that  Van  Helmont  confi- 
dered  as  different  gafes  thofe  which  differ  only  by  accidental 
corruption,  as  the  carbonic  acid  gas,  according  as  it  is  drawn 
from  this  or  that  body,  and  in  this  or  that  manner;  and  that 
he  confounded  others,  or  did  not  make  a  proper  diftinction 
between  them.  Yet  before  Prieftley,  mod  of  the  philofo- 
phers  who  paid  attention  to  this  fubje6l,  made  no  other  dif- 
ference between  thefe  kinds  of  gas,  than  that  fome  o^  them 
inflame  when  brought  into  contaft  with  a  burning  body, 
while  others  inftantly  extinguifli  a  flame. 

Van  Helmont  fufpe6ted  alfo,  as  appears  clearly  from  his 
own  words,  the  great  fimilarity  which,  in  regard  to  air,  is 
found  between  flame  and  animal  life.  This  was  more  clearly 
perceived  by  7"homas  Willis  **  and  Francis  Svlvius  de  le 
Boe  ft,  a  man  whom  few  have  equalled  in  genius  or  elo- 
quence;  for  the  latter  fays,  that,  as  flame  requires  more  air 
than  the  quietly  glowing  fire  of  coal,  in  the  like  manner 

♦  Ortus  iMedicinae. 

f  De  Lithiafi,  c.  iv,  p.  34. 

;J  Orms  Medicinae,  p.  163. 

§  Ibid.  p.  84. 

II  Ibid.  p.  423. 

f[  Ibid,  p-  72. 

**  Atfed^ionum  quae  dicuntur  hyflerlcac  et  hypochondriacal  Pathologia 
:fpaimodica,  contra  Refponfionem  epiftoiarem  Nath  Highmori,  cui  acccflc- 
runt  Exercitationes  medico- phyficae  duae,  &c. ;  Lugd.  Bat.  1671.  iimo. 
p,  80 — rc2. 

ft  Difputat.  dc  Rcfpiratioae,  §  69—73. 
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breathing  animals  which  breathe  through  real  lungs  have 
need  of  more  air  than  thofe  which  merely  evaporate,  that  is  to 
fay,  than  fiich  was  have  no  evident  and  real  lungs ;  and  as, 
in  general,  a  ftronger  fire  requires  a  flronger  draught  of  air 
than  a  weaker,  in  the  like  manner  a  more  a6live  life  requires 
quicker  breathino^,  and  a  more  fluoigifh  a  flower:  as  air  acSls 
differently  on  flame  according  as  it  is  more  or  lefs  clear,  warm, 
or  dry,  in  the  like  manner  it  afts  upon  breathing  and  the 
vital  flame :  and,  in  the  lad  place,  as  flame  burns  more 
brifkly  according  as  it  has  free  accefs  to  the  air  on  all  fides, 
and  is  weaker  when  the  air  is  withheld,  and  is  at  length  to- 
tally extinguiflied,  breathing  is  expofed  to  the  fame  effects 
under  the  like  circumftances. 

This  Sylvius  proved  nothing  bv  experiments,  but  he  made 
it  probable,  according  to  his  manner,  that  fourifli  particles 
of  nitre -^  floated  about  in  the  common  atmofphere ;  and 
approached  fo  near  to  the  prevailing  principles  of  the  prefent 
day  t,  that  he  fuppofed  fire  (or  caloric)  was  continually  dif- 
fufed  throuoh  the  air. 

The  celebrated  Spanidi  mineralogift  Alphonfo  Barba  was 
acquainted  with  thofe  pernicious  damps  which  arife  fo  often 
in  mines,  and  which,  though  they  relemblc  air  in  other  re- 
fpefts,  have  however  an  offenfive  fmell,  extinguifli  lights, 
and  deprive  men,  birds,  and  even  fnakes,  of  their  life  X- 

Boyle,  to  whom  natural  philofophy  in  general  is  under  fo 
many  obligations,  afcribed  that  increafe  of  weight  which 
metals  acquire  by  calcination  §,  as  he  had  frequently  obferved, 
rather  to  the  fire  than  to  particles  from  the  atmofphere,  and 
was  therefore  very  remote  from,  that  opinion  which  prevails 
in  the  prefent  century,  and  which  is  fupported  by  fo  many 
experiments;  but  he  was  at  the  fame  time  acquainted  with 
the  carbonic  acid  gas  as  it  rifes  from  coral,  w  hen  it  effervefces 
with  vinegar,  from  bread,  cherries,  grapes,  pears,  apricots, 
plums,  goofeberries,  peas,  8cc.  when  they  ferment j|,  and 
its  highly  pernicious  effects  on  animals;  as  alfo  with  the  in- 
flammable, as  it  partly  occurs  in  abundance  in  many  mines, 
for  example,  thofe  of  Hungary^,  partly  as  it  arifes  by  a  fo- 
lution  of  iron  in  diluted  fulphuric  acid  or  muriatic  acid  **> 

■^  Praxis  Mcdicinae,  lib.  i.  c.  zi.  §  iii. 

•[•  Ibid.  lib.  iii.  c.  11.  §  47. 

+  Bergbiichlein,  Frankf.  1726.  part  i.  c.  2.  p.  5 — 3. 

§  Dercft.  penetrabilic.  vitr.  p.  296,  297. 

11  Second   continuation   of  Phyfico-mechanical  Experiments,     art.  ii. 
exp.  II.  art.  iii.  exp.  i.  7.  lo,  11.  art.  v.  «xp.  i,  2.  13. 

I[[  Examinat.  of  Antiperiftalis,  Oper.  b.  ii.  p.  366. 

-.v'.:  ]sJova  Experimenra  Ph}iico-ir;echanica  de  Vi  Aeris  elaftica,  p.  152 — 
154.;  New  Experiments  roucUing  the  Relation  betv/ixt  Fiame  and  Air, 
O^er.  b.  iii.  p.  ^55,  236. 
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and  its  property  of  inflaming  when  brought  into  conta<?i:  with 
ilanie. 

The  latter  as  a  highly  pernicious  kind  of  gas,  abundant  in 
coal-pits,  is  mentioned  bv  Martin  Lifter,  Jeffop,  and  P.  R. 
Mofl yn  ^  and  a  fire  which  took  place  in  a  coal-pit  by  the 
inflammation  of  fuch  vapour  is  mentioned  by  Hodgfon  *  \  a 
like  vapour  was  found  bv  Beaumont  in  other  fubterranean 
holes  t;  bv  T.  Shirley  %  above  a  fpring,  and  Wolfftriegel  and 
Vollgnad  §  in  a  fpring.  Pope,  in  the  tirft  volume  of  the 
Philofophical  Tranfa^lions,  gave  a  very  lively  piclure  of  that 
corrupted  kind  of  gas  in  a  hole  near  the  lake  of  Agnano  ;  and 
L.  A.  Portius  ||  and  Leonhard  a  Capua  ^(,  that  of  the  Grotto 
del  Cane  and  other  caverns  in  the  neighbourhood  of  Naples; 
E.  Hagendorn  **  and  F.  Hoffmann,  the  dangerous  quality 
of  air  in  which  coals  have  been  burnt  ft ;  and  T.  Birch,  that 
of  air  which  has  been  corrupted  by  the  breath  of  animals  :|::|:. 
S.  Ledelius  mentions  the  death  of  a  perfon  which  took  place 
in  a  cellar  filled  with  wine  in  a  ftate  of  fermentation  §§.  This 
gas,  as  it  rifes  both  from  fermenting  liquids  as  well  as  from 
lixivious  falts  and  earths,  when  they  effervefce  with  acids,  and 
in  which,  even  at  his  time,  Bernoulli  fought  for  the  caufe  of 
this  effervcfcing  nil,  w^is  perfectly  well  known  to  fir  Chriilo- 
pher  Wren^^.  He  relates  a  method  by  which  fuch  fluids 
can  be  collefted  and  preferved  in  veflels ;  and  he  knew  that 
the  above  gas  is  abforbed  by  water,  and  he  diftinguilhes  it 
very  clearly  from  nitrous  gas.  Even  the  nitrous  gas  of  the 
moderns  feems  to  have  been  known  to  Huygens  and  Papin, 
for  they  relate***  that  they  obtained  fuch  a  fluid  from  the 
mixture  of  fpirit  of  wane  and  fpirit  of  nitre  under  the  receiver 
of  an  air-pump. 

*  Philofophical  Tranfaftions,  vol.  x.  1675.  "°'  ii7«P'  39*»  ^c.  Ibid, 
no.  119.  p.  450.  Ibid.vol.xi1.1677.no.  136.  p.  S95.  Ibid.  vol.  xi.  1676- 
no.  134. 

f  Hooke's  Philofophical  Colle6lions,  1679.  4to.  no.  i. 

X  Philofophical  Tranfaclions,  vol.  ii.  1667.  no.  25. p.  482. 

§  Mifcellan.  Acad.  Ca;f.  Natur.  Curiof  410.  dec.  i.  Lipf".  1670.  obfervat. 
xxxi'i.  an.  j.  &  5.   Franc<if.  &  Lip!".  1676.  obfervat.  cixxi. 

ii  Diffcrtation.  Variar.  Venet.  i6«S3.  ii, 

^  Le^ioni  intorno  alia  Natura  delle  Mofete  ;  Napol.  16S3.  4to. 

'■'■"■-  Obfervat.  et  HifToriar.  Tvledico-pradticar.  larior.  Centur.  trcs;  PvU- 
doKV.  &  Goerliz.  i69S.!^vo. 

ft  Bedcnkeu  von  dem  cuulichen  Dampfe  der  Hc'zkohlen  ;  Halle  17 16. 
Svo. 

+  ;  Hiftory  of  the  Royal  Society  of  London  for  the  Improvement  of 
^Natural  Knowledge  ;   London,  410.  vol.  ii.  j66i!. 

§§  Ephemerid.  Acad.  Cselar.  Kat.  Ciiriof.  dec.  iii.  an.  z.obf  45. 

lij|  Diifertatio  de  Etftrvef  et  F^rmentatione  j  Bafil.  1690.  410. 

fjff  Philofophical  Traiifa(ftlons,  vol.  x.  1675.  P-  44*^'         **''  -^'^^'^• 
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At  the  fame  period,  F.  Slare  and  T.  Willis  afcribed  *  the 
dark  red  colour  of  the  blood  to  the  air;  and  J.  Mayovvf, 
another  Englifliman,  with  whom  another  Oxford  p-lyfician, 
Henry  Mund  |,  and  alio  Willis  §,  L.  M.  Barbieri,  and 
J.  B.  Giovanni  ||,  concurred,  made  the  whole  ufe  of  breath- 
ing to  confift  in  this — that  the  lungs  of  animals  inhale  from 
the  atmofphere  nitrous  particles,  which  are  diffufed  over  the- 
animal  fpirits  and  communicate  w^armth  to  the  blood, 
J.  N.  Pechlin  ^,  alfo,  attributes  the  faculty  of  fome  divers 
being  able  to  remain  longer  under  water  to  a  greater  quan- 
tity of  nitre.  From  all  this  it  appears  that  the  phyficians  of 
that  period  had  a  kind  of  idea  of  vital  air,  and  its  influence 
on  the  animal  oeconomy. 

Stephen  Hales,  who  made  further  progrefs  by  his  nume- 
rous experiments  in  difcovering  the  fecrets  of  nature,  placed 
beyond  all  doubt,  by  a  long  feries  of  experiments,  the  elafti- 
city  of  thefe  fluids  as  they  are  expelled  from  bodies  by  heat, 
fermentation,  corruption,  and  effervcfcence,  a  power  wliich 
was  before  obferved  by  Newton**,  and  at  the  fame  time 
ihowed  leveral  and  ingenious  methods  If  how  they  could  be 
obtained.  prefer\'ed,  meafured,  v.eighed,  and  even  handled. 
He  remarked  the  inflammability  of  thofe  which  the  inflam- 
mable bodies  of  every  kingdom  of  nature  yield  by  expofure 
to  a  ftrong  heat,  the  properties  of  others  which  arife  from 
effervcfcing  mixtures,  and  which  fuddenly  extinguifli  flame. 
"^  He  obferved  likewile,  exceedingly  well,  the  great  difference 
of  the  nitrous  gas  which  he  obtained  when  he  poured  upon 
antimony  aqica  regia,  or  fpirit  of  nitre  ;  or  the  latter  diluted 
with  water  [aquafortis]  upon  iron  filings  or  quickfilver,  and 
its  property  of  forming  red  cloudy  with  common  air  as  foon 
as  it  comes  in  contacl  with  it ;  and,  by  repeated  experiments, 
that  it  abiorbed  a  great  portion  of  air ;  and  alio,  that  the 
oftener  the  experiment  was  repeated,  the  gas  always  abforbed 
the  lefs  air;  that  feveral  of  thefe  gafes  were  abforbed  by 
water;  how  much  the  beft  air  is  corrupted  by  the  breath- 
ing of  even  the  founded  men,  fo  that  at  lafl  it  is  totally 

*"  Philofophical  TranG^^lions  for  1682,  no.  204.     Ibid.  p.  92 — 94. 

f  Traftatus  quinque  Medico-phyfii-i ;  Oxon.  ik<^(j.  Svo.  no.  i. 

+  Ejc;:^p»rc^»'/»* ;  Ox<^n.  1680.  Svo. 

§   Phuolopli.  Tranfaft.  ut  fupra. 

Ij  Spiritus  Nitro  Aerii  Operationes  in  Microcofmum ;  Bonon.  i6?i. 
iimo.  Differtation,  fur  la  Fernncntation  fur  le  Nitre  et  fur  I'Air  j  Tou- 
loufe  16H ;.  iimo. 

^  De  Aeris  et  Alimcnti  Defeftu ;  Kilon.1676.  Gvo. 

*t  Optics;  London  1701.  4to. 

•j  t  Statical  EfTaysj  London,  Svo,  third  edit.  17S3.  vol.  i.  c.  6.  and 
vol.  li.  p.  315.  317. 
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tiiiHt  for  refpiration.  He  knew  alfo  the  ammonlacal  as  well 
as  the  muriatic  acid  gas,  and  the  fulphuric  acid  gas,  and 
had  learned,  from  his  own  experience,  that  the  latter  cau 
be  as  ftronglv  comprelTed  as  common  air.  He  knew  alfo 
that  metals  increafe  in  weight  bv  calcination,  and  again 
decreafc  on  being  revived;  for  he  found  that  red  lead  in  the 
preparation  had  increafed  in  v/eight  about  a  twentieth  part, 
and  by  a  ilrong  heat  gave  a  great  deal  of  air:  his  own  ex- 
perience had  taught  him  alfo  that  phofphorus,  fulphur,  and 
a  tallow  candle,  abforb  fome  of  the  air  in  which  they  burn, 
as  animals  abforb  fome  of  the  air  in  which  they  breathe ; 
though  he  afcrilicd  the  pernicious  change  which  the  air 
therel)y  experiences,  not  to  the  lofs  it  fuftains,  but  rather 
to  the  corrupt  evaporation  with  which  it  is  filled.  He 
had  obferved,  though  lefs  perfe6l:ly,  that  phofphorus  after 
combuftion  increafed  in  weight  by  imbibing  fomething 
from  the  atmofphere.  He  had  difcovered  that  an  aeri- 
form fubftance  was  contained  in  acidulous  waters,  and 
that  air  was  continually  abforbed  by  plants  in  a  healthy 
ftate*. 

In  this  difficult  do6lrine,  however^  he  left  a  great  deal  to 
be  explained  by  his  followers;  for  he  did  not  define  and  was 
not  acquainted  with  the  difference  of  many  of  the  gafes,  and 
fome  of  them  efcaped  his  notice  altogether.  The  further  illuf- 
tration  of  them  was  referved  for  the  modern  chemifts.  Thus, 
in  particular,  the  following  authors  have  very  much  contri- 
buted to  enlarjre  our  knowledge  of  the  carbonic  acid  : — • 
Dr.  Black  in  Medical  and  Philofophical  Commentaries,  by 
a  Society  in  Edinburgh,  vol.  ii.;  Dr.  Macbride  in  Experi- 
mental Effavs  on  Medical  and  Philofophical  Subjects,  Lon- 
don 1764.  8vo;  T.  Henry  in  liis  Experiments  and  Obferva- 
tions,  London  1773.  8vo.;  T.  And.  Emmer  in  Differtatio  de 
Aire  fixo  feu  Acido  dereo.  Edin.  1784;  and  the  Dutch 
naturalid  D.  De  Smedt  in  D'lJJertatio  de  Aere  jixo,  Ultraj. 
1773.  ^^'^*  Among  the  Germans,  N.  J.  Jacquin  in  Examcn 
Cbeviicum  Docirina:  Meyeriani^  de  Acido  pingui,  et  Black'i- 
an^e  de  Aere  fixo  reffeEiu  Calcis,  Vindob.  1769.  8vo ;  and 
the  late  J.  J.  Well,  in  his  Defence  of  Dr.  Black's  Doctrine 
refpecR-ins:  fixed  Air,  acraind  the  Objections  made  by  Wieg- 
leb,  Vienna  1771.  8vo.;  and  on  The  Caufes  of  the  heating 
of  unflaked  Lime,  Vienna  1772.  8vo.  Among  the  Ita- 
lians, F.  F.  Fontana  in  his  Phylical  Refearches  refpefting 
fixed  Air,  Florence  1774.  8vo.  In  SwifTerland,  Sol.  Schinz 
in  ^De  Aere,  ejus  Specivbus,  pr^cipue  de  Aere  Jjxq  Lapldis 
calfq,rei^  Turic.  1778.  4to.;  and  in  Sweden,  T,  Bergman  in 

r  Scp.tical  Effavs  palfim. 
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De  Actdo  dirio  Opiifcula  Vhyjica  et  Ckemica,  vol.  i. 
p.  I,  ^c.  The  laft-meiitioned  cbeinill  fliowed  alfo,  in  his 
trcaiiie  Dc  Analyji  Aquaruvi  in  his  Opiifcula,  vol.  i.  p.  68, 
as  did  in  England,  Brownrigg  in  the  Philofophical  Tranfac- 
tions,  vol.  Ixiv.  part  2.  no.  39;  and,  in  France,  Vcnel  in 
Memoires  prefcnies  a  V  Academic  des  Sciejices  a  Pans  par  divers 
Savans,  vol.  ii,  that  it  is  to  this  acid  that  acid  waters  are 
principally  indebted  for  their  properties ;  fo  that  feveral  che- 
mical authors,  fuch  as  Bergman  De  Aquis  viedicatis  frigidh 
arte  parandls,  in  his  Opufcula,  vol.  i.  art.  6.  p.  186;  Venel 
in  the  work  above  quoted;  Rouelle  in  Roux's  Journal  de 
Medecine,  Chlrurgie,  8cc.  for  May  1774;  Duchanoy -E/7i:7z 
d'lmiicr  ies  Eaux  Mlnerales,  Paris  3780.  8vo. ;  Laugier 
l^Hneralogie  nouvelle,  011  V Art  de  faire  Ies  Eaux  MincraleSj 
Sens  1786.  8vo.;  Meyer,  apothecary  to  the  court  at  Stettin, 
in  the  Tranfaciions  of  the  Friendly  Society  of  the  Searchers 
into  Nature  of  Berlin,  vol.  iv.  1781.  p.  313;  and  the  late 
profeiTor  Koftlin  in  his  Method  of  imitating  the  Water  of 
Acid  Springs  bv  Means  of  fixed  Air,  Stuttgard  1780.  8vo., 
have  defcribed  the  procefs  by  which  they  can  be  exceedingly 
well  imitated. 

With  the  like  care  and  ingenuity  the  following  writers 
have  examined  the  nature  of  the  inflammable  kinds  of  gas  : — 
Volta  Lett  ere  full*  Ana  infiammau'ile  delle  Talud'i,  Milan 
1777  ;  Senebier  Recherches  analytiqucs  fur  la  Nature  de 
V Air  inflammahle,  Geneva  1784.  8vo.;  Minkclers  M-inolre 
fur  r  Air  inflammahle  de  differ  entcs  Sulrf lances ,  Louvain  1784. 
Svo. ;  Mofcheni  Ejanie  ivJorno  alia  Natura  e  Proprieta  delV 
Aria  ivfi  nnmahile  paludofi,  Lucca  1788;  LafTone  in  Me- 
moir es  de  V Academie  des  Sciences  a  Paris  for  the  year  1766  ; 
Kirwan,  Philofophical  Tranfaclions,  vol.  Ixxvi.  1786.  part  i. 
Gengembre  in  JMcmoires  prefent  s  a  I* ylcc: demie  des  Sciences 
par  divers  Scivc^is  Etrangers,  vol.  x.;  Raymond  Annales  de 
Chimie^  vol,  x.  1791.  p.  19  ;  Nieuwland,  Deiman,  Trooltwyk, 
and  Bondt,  Recherches  P bj!jlco-cby niiques ,  Amlterd.  Svo.  ]  792. 
no.  I.  The  three  la  ft,  together  with  L?.uremburg,  examined 
the  different  kinds  of  mflammable  gas.    See  Creli's  Chemical 

Annals  1795.  ^'C>^*  ^^-  P*  ^95'  3*^-  43^3    ^^^  '79^'  ^'^^'  ^^» 
p.  310  and  ii22. 

Refpecling  the  common  nitrous  gas,  we  have  the  following 
works  :-r— Fontana  P^ccherches  phyjiques  fur  la  ISature  de  V Air 
7iitreux  et  de  PA^r  depbogijliqu  ,  Paris  1776.  8vo. ;  count 
Morozzo  Lettre  fur  la  Compfition  du  Gas  mephitique  et  du 
Gas  Jiitre'ix,  Turin  1784.  Svo. ;  refpecling  Prieitley's  fo 
galled  dephlogifticated  nitrous  air,  Bochaute  in  Mcmoires 
fie  V  Academie  des  Sciences  a  Bruxelles  1783;  and  Deiman, 
Boiifh,  Nieuwland^  and  Trooltwyk,  Pccberctes  Pfyfco-chy-^ 
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mlques,  no.  2.  1793  j  rcfpecliiig  azote,  profeiror  Schmidt  in. 
Gren's  Journal  ot"  Natural   Philofophy,   vol.  i.  no.  3  ;   and 
Wiegleb  in  Crell's  Chemical  Annals,  1796,  vol.  ii.  p.  467; 
rtTpecling  the  inflammable  muriatic  acid  gas,    Weftrunib  in 
Crell's  Annals  1790,  vol.  i.  p.  3.  ico. 

But  this  new  tield  in  the  province  of  natural  knowledge 
has  been  cultivated  in  a  more  extenlive  manner  by  the  toi- 
lowing  authors  : — In  Italy,  Barbarigo  in  his  Saggi  Fijiai,. 
Padova  1779.  8vo. ;  F.  Fontana  in  jSleworie  di  Matcmat'ica 
€  Fijica  delta  Societa  Italiana,  Verona,  4to.  vol.  i.  1782; 
Rucci  Offer-ja-zioni  circa  il  Flogijio  e  le  differ  cute  Specie  d'Aria 
fecondo  le  moderne  Scoperle,  Pavia  1783.  8vo. ;  and  Volta  in 
Propofiziojii  ed  Efperien-z.e  di  Acrologia,  Como  1776.  In 
France,  by  BerthoUet  in  Objervutions  fur  VAir,  Paris  1776. 
I2mo.  ;  Bucquet  in  JSLvuAres  prefects  a  V  Acaditnie  des 
Sciences  ai  Paris  par  divers  Savans,  vol.  vii.;  Corrinus  Differf, 
Jijlens  Hijioriam  Aeris  faciitii,  Argentor.  1776.  4to. ;  De  la 
Metherie  Effai  analyfique  fur  V Air  pur  et  les  differe?2te5 
Efpeces  d'yiir,  Paris  1785.  Bvo. ;  Rouland  Tableau  hijhriquc 
des  Proprietis  et  des  Phenoniznes  de  V Air^  confidere  dans  fes 
dfferens  Etats  et  faus  fes  divers  Rapports j  Pans  1 784.  8vo.  ; 
Sigaud  de  la  Fond  Ejfai  fur  difflrentes  Efpeces  d' Air,  qiion 
dcfigne  fjiis  le  Isiom  d' Air  fixe,  Paris  1778.  8VO.3  and  Thou- 
yenel  Memoire  Cbi??iique  et  jMedicinalfur  la  ISature,  les  TJjagcSy 
et  les  Effets  de  VAir,  et  des  Airs,  des  Alimens,  et  des  Medica- 
fnens,  relativement  ci  V  EcG7ic?nie  Anhnale,  Ouvrage  courcnne 
par  r Acad  m'le  de  Touloufe  i']']'^,  Paris,  4to.  In  England, 
the  anonymous  author  of  a  Treatifc  on  the  various  Kinds  of 
permanently  elaftic  Fluids  or  Gafes,  1777.  8vo  j  P.  Plunket 
Differtat.  de  Atre  Mepbitico,  Edin.  1779;  Cavallo  on  the 
Nature  and  Properties  of  Air ;  Cavendiih  in  the  Philofophical 
■  Tranfatlions,  vol.  Ivi ;  and  Higgins's  Experiments  and  Ob- 
fervations  relating  to  acetous  Acid,  fixable  Air,  denfe  in- 
flammable Air,  &c.  London  1786.  8vo.  In  the  Nether- 
lands, P.  Von  Troottwyk  and  Dei  man,  Ant-uj,  op  de  Vraage: 
IVielke  %yn  de  ivaarljck  onderfcheidene  Soorten  der  luchtgely- 
hjide  Vloeifloffen,  Sec.  Haarlem  1786.  8vo.  And  in  Ger- 
many, Achard  in  ISoii-veaux  M  moires  de  PAcad.  des  Sci^ 
ences  a  Berlin,  [781  ;  Herbert  De  Aere  Fluidifque  ad  Aeri% 
Genus  pertinentibiis,  Vienn.  i  780.  8vo. ;  Leonhardi  Progra?n, 
Aerologies  phyfico-chemic^  recentioris prints  Eine^e,  Lipi.  1 78 1 ; 
and  Weber  Ueher  gemeine  und  durch  Auflijung  aus  Korpern 
entwickelte  Luft,  Landlhut  1785.  8vo. 

But  amonti:  the  philofophers  who  have  endeavoured  to  ex- 
plain and  illuitrate  the  nature  of  thel'e  gales  by  numerous 
vxperimeuts,  made  with  great  care,  and  accurately  defcribed, 

none 
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none  have  dlftin2;uiflied  themfelves  more  than  Scheele  amel 
Dr.  l^-ieftlev.  The  former  a  native  of  Germany,  but  fettled 
in  Sweden^  invented  very  fimpie  procelfes,  yet  well  calcu- 
lated to  anfwer  the  propofed  end,  for  examining  thefe  gafes, 
by  which  means  he  difcovered  new  kinds,  and  proved  the 
exiftence  of  thofe  already  known  in  a  much  clearer  method 
than  had  been  done  before  in  his  Ahhandlung  vyn  der  Luft 
nnd  dem  Fetter  ncbjl  einem  Vorbericht  von  T.  Bergman,  Upfal 
and  Leipfic  1777.  8vo. ;  and  in  Kofigl.  Svenjk,  Fetenjlap. 
Academ,  Handling,  1774-  P*  ^4*  The  latter,  being  furnifhed 
with  a  more  extenfive  apparatus,  placed  in  a  clearer  point  of 
view,  not  only  the  nature  and  differences  of  the  gafes  before 
difcovered,  but  difcovered  new  ones  alio.  An  account  of  his 
experiments  may  be  feen  in  Experiments  and  Obfervations 
on  the  different  Kinds  of  Air,  London,  8vo.  vol.  i.  1774, 
-vol.  ii.  1775,  vol.  ili.  1777  ;  Experiments  and  Obfen-ations 
relating  to  various  Branches  of  Natural  Philofophy,  with  a 
Continuation  of  Obfervations  on  Air,  8vo.  vol.  i.  London 
1779,  vol.  ii.  Birmingham  1782,  vol.  iii.  1790;  Directions 
for  impregnating  Water  with  fixed  Air,  8rc.  London  1772, 
Svo. ;  Philofophical  Tranfactions  of  the  American  Society 
1796. 

XXXV.  An  Account  of  fome  Gah'anic  Combinations^  formed 
by  the  Arrangement  of  fingle  Metallic  Plates  and  Fluids^ 
analogous  to  the  new  Galvanic  Apparatus  of  Mr,  Volt  A. 
By  Mr,  Humphry  Davy,  Ledurer  on.  Chemiflry  in  th^ 
Moyal  Inflitution  *. 

I.  x\LL  the  galvanic  combinations  analogous  to  the  nevr 
ap])aratus  of  Mr.  Volta,  which  have  been  heretofore  defcribed 
by  experimentalilts,  confift  (as  far  as  my  knowledge  extends) 
of  feries  containing  at  leaft  two  metallic  fubftances,  or  one 
metal  and  charcoal,  and  a  ftratum  of  fluid.  And  it  has  been 
generally  fuppofed  that  their  agencies  are,  in  ibme  meafure, 
connected  with  the  different  powers  of  the  metals  to  conduct 
electricity.  But  I  have  found  that  an  accumulation  of  gal- 
vanic iniiuence,  exactly  fimilar  to  the  accumulation  in  the 
common  pile,  mav  be  produced  by  the  arrangement  of  fmgle 
r*7eial}ic  plates,  or  arcs,  with  different  ftrata  of  Huids. 

The  train  of  reafoning  which  led  to  the  difcovery  of  this 
fad,  was  produced  bv  the  obfervatio.n  of  fome  phsenomena 
rel3tin<i  to  the  connection  of  chemical  changes  with  the  evo-» 
liition  of  galvanic  power. 

*  Fr'>na  'IranfaHi9ns  of  the  Rojal  Sucietj  ef  London  fsfr  iSof . 
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It  appeared,  in  f<^veral  experiments,  that  feries  of  double 
nietallic  plates,  incapable  of  a6ling  as  galvanic  combinations, 
when  arranged  in  the  proper  order,  with  portions  of  water, 
wer3  readily  made  to  produce  galvanic  eftecls,  by  beinc:  al- 
ternated with  acids,  or  other  fluids  capable  of  OTcidating  one 
onlv  of  the  metals  of  the  feries.  Thus,  double  plates,  com- 
pofed  of  filver  and  gold,  (metals  which  have  been  fuppofed 
to  differ  very  little  in  their  powers  of  conducting  ele^lricity,) 
produced  galvanic  aftion,  when  placed  rn  conta6l,  in  the 
common  order,  with  cloths  moiftened  in  diluted  nitric  acid. 
And  copper  and  filver  adted  powerfullv  with  nitrate  of  mer- 
cury. 

Thefe  fad^s  induced  me  to  fuppofe,  that  the  alternation  of 
two  merailic  bodies  with  fluids,  was  elTential  to  the  produc- 
tion of  accumuld^ed  galvanic  influence,  only  fo  far  as  it  fur- 
niflied  two  conduiSling  furfaces  of  different  degrees  of  oxida- 
bility;  and  that  this  production  would  take,  place,  if  Angle 
nietallic  plates  could  be  conne61:ed  together  bv  different  fluids 
in  fuch  a  manner,  that  one  of  their  furfaces  only  fhould  un- 
dergo oxidation,  the  arrancrement  being  regular. 

On  this  fuppofuion,  I  made  a  number  of  experiments  on. 
different  arrano-ements  of  lino;le  metals  and  fluids;  and,  after 
many  various  procefles,  I  was  enabled  to  afcertain,  that  many 
of  thefe  arrangements  could  be  made  active,  not  onlv  when, 
oxidations,  but  likewife  when  other  chemical  chano-es  were 
going  on  in  fome  of  their  parts. 

In  defcribing  the  diflferent  galvanic  combinations  formed 
by  Angle  metallic  plates  and  fluids,  I  fhall  divide  them  into 
three  claflTes,  following,  in  the  arrangement,  the  order  of 
time  with  regard  to  diicoverv. 

II.  The  firft  aixl  mod  feeble  clafs  is  compofed,  whenever 
iingle  metallic  plates,  or  arcs,  are  arranged  in  fuch  a  manner, 
that  two  of  their  furfaces,  or  ends  oppofite  to  each  other,  are 
in  contaft  with  different  fluids,  one  capable,  eand  the  other' 
incapable,  of  oxidating  the  metal.  In  this  cafe,  if  the  feries 
are  numerous,  and  in  regular  alternation,  galvanic  influence 
will  be  accumulated,  analogous,  in  ali  its  effc6ls,  to  the  in- 
fluence of  the  common  pile. 

Tin,  zinc,  and  fome  other  eafily  oxidable  metals,  aft  mod 
powerfully  in  this  clafs  of  combinations. 

If  pieces  of  polifhed  tin,  about  an  inch  fquare  and  -^^-  of 
an  inch  thick,  be  connefted  with  woollen  cloths  of  the  fame 
iize,  ^moiffened,  fome  in  water,  and  fome  in  diluted  nitrous 
acid,)  in  the  following  order — tin,  acid,  water,  and  fo  on, 
till  twenty  feries  arc  put  together — a  feeble  galvanic  batieni^ 
yf'iW  be  formed,  capable  of  acling  weakly  oa  the  organs  of 

feiifc^ 
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fenfe,  and  of  flowly  ppoducing  the  common  appearances  jn 
water;  the  wire  from  the  oxidating  furface  of  the  plates, 
evolving  hydrogen,  and  the  wire  from  the  non-oxidating 
furface  (when  of  filver)  depofitlng  oxide. 

In  all  cafes,  when  the  batteries  of  the  firfl;  clafs  are  ere^led 
perpendicularly,  the  cloth  moiftened  in  acid  muft  be  placed 
Bnder  the  cloth  moiftened  in  water;  and,  in  this  arrange- 
ment^ as  the  acid  is  fpecifically  heavier  than  water,  little  or 
no  mixture  of  the  fluids  will  take  place. 

When  zinc  is  employeJ  on  account  of  its  rapid  oxidation  in 
water  containing  atmofpheric  air,  three  cloths  vliould  be  nfed  ; 
the  fifft  moiitened  in  weak  folution  of  iulphuret  of  potafli, 
(which  is  poilefled  of  no  power  of  action  upon  zinc,  and 
which  prevents  it  from  ailing  upon  the  water;)  the  fecond 
moiftened  in  a  folution  of  fulphate  of  potaOi,  of  greater  fpe- 
cific  gravitv  than  the  folution  of  fnlphuret;  and  the  third 
wetted  in  an  oxidating  fluid  fpecifically  heavier  than  either 
of  the  folutions.  In  this  cafe,  if  the  order  be  as  follows — 
zinc,  oxidating  folution,  folution  of  fulphate  of  potafh,  fo- 
lution of  fuiphuret  ot  potafh — very  little  mixture  of  the  fluids, 
or  chemical  action  between  them,  will  take  place ;  and  an 
alternation  of  twelve  feries  of  this  kind  forms  a  battery  ca- 
pable of  producing  fenfible  efre6ls. 

III.  The  fecond  clafs  of  galvanic  combinations  with  fingle 
plates  is  formed,  when  plates,  or  arcs,  compofcd  of  a  me- 
tallic fubftance  capable  of  acting  upon  fulphurated  hydrogen, 
or  upon  fulphurets  dilTolved  in  water,  are  formed  into  feries, 
with  portions  of  a  folution  of  fuiphuret  of  potalli  and  water, 
in  fuch  a  manner,  that  one  fide  of  every  plate,  or  arc,  rs  in 
contact  with  water,  whilfl:  the  oppofite  fide  is  a£ted  on  by 
tlie  folution  of  fuiphuret.  Under  thefe  circumflances,  when 
the  alternation  is  regular,  and  the  number  of  feries  fuffi- 
ciently great, galvanic  po\^er  is  evolved;  and  water,  placed  in 
the  circuit  wnh  iilver  wires,  is  afted  on  ;  oxide  being  depo- 
fited  on  the  wire  connected  with  the  fide  of  the  plate  under- 
going chemical  alteration,  whilll  hydrc:>gen  is  evolved  from 
the  iide  in  contact  with  water. 

Silver,  copper,  and  lead,  are  each  capable  of  forming  this 
combination.  Plates  made  from  either  of  thofe  metals  may 
be  arranged  with  cloths,  (moiitened,  fome  in  water,  and 
others  in  folution  of  fuiphuret  of  potaili,)  in  the  following 
order — metal,  cloth  nioiitencd  in  fuiphuret  of  potafh,  cloth 
moiuened  in  water,  and  fo  on. 

Eight  feries  Vviil  produce  fenfible  efiecls;  and  the  wire 
from  the  top  of  the  pile  producers  oxide. 

Coppep.. 
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Copper  is  more  active,  in  this  clafs  of  batteries,  than  filverj- 
and  lilver  more  active  than  lead. 

IV.  The  third  and  nioit  powerful  clafs  of  galvanic  batte- 
ries, conftrnfted  with  fluids  and  (ingle  metals,  is  formed 
when  metallic  fubftances  oxidable  in  acids,  and  capable  of 
afting  on  folutions  of  fulphurets,  are  connected,  as  plates., 
with  oxrdating  fluids  and  folutions  of  fulphuret  of  potaih,  ia 
fuch  a  manner,  that  the  oppofite  fides  of  every  plate  may  be 
nndergoiwg  difierent  chemical  changes;  the  mode  of  alter- 
nation  being  regular. 

The  fame  metals  that  acl  in  the  fecond  clafs  may  be  nfed' 
in  the  third  clafs;  and  the  order- of  their  powers  is  fimilar,' 
The  pile  may  be  erected  in  the  fame  manner  as  the  pile  witk 
zinc  in  the  firft  clafs;  the  cloths  moiitened  in  acid  being 
ieparated  from  thofe  moiftened  in  folution  of  fulphuret  by  a.' 
third  cloth  foaked  in  folution  of  fulphateof  potafli. 

Three  plates  of  copper  or  filver,  arranged,  in  tliis  manner, 
in  the  ju(t  order,  produce  fenfible  efTecfs ;  and  twelve  ot 
thirteen  fcries  are  capable  of  giving  weak  flioclvs,  and  of 
rapidly  producing  gas  and  oxide  in  water ;  the  wire  connetSlcJ^ 
with  the  oxidating  end  of  the  apparatus  evolving  hydrocen; 
and  the  wire  attached  to  the  end  acting  on  tlie  fulphuret, 
depofiting  oxide  when  compofed  of  (livr-r,  and  generatin<^^ 
oxygen  when  of  gold. 

V.  In  all  the  fingle.  metallic  pile?  conftructed  with  cloths, 
tlie  action  is  very  tranfient :  the  decompofition  of  the  acids, 
and  of  the  fulphurcts.  is  generally  completed  in  a  few  mi- 
rutcs;  and,  in  confequcuce,  the  galvanic  influence  ccafes  \.(% 
be  evolved.  The  arrangement  of  all  the  different  feries  mav, 
however,  (by  means  of  an  apparatr.s  conftrucled  after  the 
ideas  of  count  Hunifc-rd,}  be  made  in  fuch  a  manner  as  ta 
give  coniiderabic  jxrrman^ncy  to  their  efl'e6ts.  This  appa- 
ratus is  a  box,  covered  wl-.h  cement  incapable  of  condu<^tini^ 
electricity,  and  compofed  of  three  pieces  of  mahogany,  eacl^ 
containina:  grooves  capable  of  receiving  the  edges  of  the  djf- 
ferent  plales  proper  for  compofing  the  feries,  •. -One  half  of 
thefe  plates  nnifl  be  cumpofed  of  horn  or  glafs,  and  the  other 
half  of  metallic  fubftances ;  and  t}ie  condiicliGrsVjf  cleoiricitv, 
and  the  non-conducriors,  muft  be  alternately  ce^ienled  into 
the  Grooves,  fo  as  to  form  walcr-^t'.ght  celU. 

When  the  apparatus  is  ufed,  thcfe  cells  are  filled,  in  the 
galvrinic  order,  with  ditlercnt  folutions,  acc-ordrng  to  the  clafs 
of  th,e  combination  ;  and  connected  in  pairs  v%  iih  each  other, 
by  flips  of  moiftened  cluih,  carried  over  the  iwn-condusSing 
plates. 
.A  combination  of  fifty  copperplates,  arranged  in  this  man- 
ner. 
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ner,  with  weak  folutions  of  nitrous  acid,  or  nitrate  of  am- 
moniac, and  fulphuret  of  potadi,  gives  pretty  ftrong  (liocks, 
rapidly  evolves  gas  from  water,  and  affects  the  condenfing 
electrometer. 

It  does  not  lofe  its  power  of  a6lion  for  many  hours ;  and, 
when  this  power  is  loft,  it  may  be  reftored  by  the  addition 
of  fmall  quantities  of  concentrated  folutions  of  the  proper 
chemical  agents  to  the  fluids  in  the  different  cells. 

From  two  experiments  made  on  copper  and  filver,  it  would 
appear,  that  the  fingle  metallic  batteries  a6t  equally  well, 
-when  the  metals  made  ufe  of  are  (lightly  alloyed,  and  when 
they  are  in  a  ftate  of  purity. 
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OTWiTHSTANDiNG  the  powcr  of  Mr.  Volta*s  electric 
pile  is  now  known  to  be  proportional  to  the  difpofition  of 
one  of  the  metals  to  be  oxidated  by  the  fluid  interpofed,  a 
doubt  has  been  entertained  by  many  perfons,  whether  this 
power  arifes  from  the  chemical  action  of  the  fluid  on  the 
metal ;  or,  on  the  contrary,  whether  the  oxidation  itfelf  may 
not  be  occafioned  by  ele6lricity,  fet  in  motion  by  the  contaA 
of  metals  that  have  different  conducting  powers. 

That  the  oxidation  of  the  metal  is  the  primary  caufe  of 
the  electric  phsenomena  obferved,  is,  I  think,  to  be  inferred 
from  the  following  experiments,  which  exhibit  the  galvanic 
procefs  reduced  to  its  moft  fimpic  ftate. 

Exper.  I.  If  a  piece  of  zinc  and  a  piece  of  filver  have  each 
one  extremity  immerfed  in  the  fame  veffel,  containing  ful- 
phuric  or  muriatic  acid  diluted  with  a  large  quantity  of  water, 
the  zinc  is  diffolved,  and  yields  hydrogen  gas,  by  decom- 
pofttion  of  the  water  :  the  filver,  not  being  a(Sted  upon,  has 
no  power  of  decompofing  water;  but,  whenever  the  zinc  and 
filver  are  made  to  touch,  or  any  metallic  communication  is 
made  between  them,  hydrogen  gas  is  alio  formed  at  the  fur- 
face  of  the  filver.  " 

Any  other  .metal  befide  zinc,  which  by  afliftance  of  the 
acid  employed  is  capable  of  decompofing  water,  will  fuc- 
ceed  equally,  if  the  other  wire  confifts  of  a  metal  on  which 
the  acid  has  no  efte6t. 

Exper.  2,,  If  zinc,  iron,  or  copper,  are  employed  with  gold, 

*  Froiix  the  fame. 
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in  dilute  uitric  acid,  nitrous  gas  is  formed^  in  the  fame  niaa- 
ner,  and  under  the  iame  circumltaaces,  as  the  hvdr02:en  o-a* 
in  the  former  experiment.  '       ^      '^ 

Exper.  3.  Experiments  analogous  to  the  former,  and  equally 
fimple,  may  alfo  be  made  with  "many  metallic  folutions.  If, 
for  inltance,  the  folution  contains  copper,  it  will  be  precipil 
tat€d  by  a  piece  of  iron,  aud  appear  on  its  furface.  Upon 
filver  merely  mimerfed  in  the  fame  folution,  no  fuch  effed  is 
produced;  but  as  foon  as  the  two  metals  are  brought  iato 
contact,  the  filver  receives  a  coating  of  copper. 

In  the  explanation  of  thefe  esperimtuts,  it  is  necelTary  to 
advert  to  a  point  eftabliihed  by  means  of  the  elearic  pile. 

We  know  that  when  water  is  placed  in  a  circuit  of  cos- 
dudors  of  eleclricity,  between  the  two  extremities  of  a  pile, 
if  the  power  is  fufficieut  to  oxidate  oiic  of  the  wir^s  of  com- 
munication, the  wire  connected  with  the  oppofite  extremity 
affords  hydrogen  gas. 

Smce  the  extrication  of  hydrogen,  in  this  inllance,  is  feeii 
to  depend  on  eledricity,  it  is  probable  that,  in  other  iiv- 
ftances,  elecliricity  may  be  alfo  requifite  for  its  oonverfioa 
mto  gas.  It  would  appear,  therefore,  that  in  the  folution  of 
a  metal,  elearicity  is  evolved  during  the  aftion  of  the  acid 
upon  it;  and  that  the  formation  of  hydrogen  eras,  even  in  that 
cafe,  depends  on  a  tranfnion  of  electricity  bWeeu  the  f.uid 
and  the  metal. 

We  fee,  moreover,  in  the  firil  experiment,  th<at  the  zinc, 
without  contadof  any  other  metal,  has  the  power  of  decom- 
pofing^water;  and  we  can  have  no  reafon  to  fuppole  that  tJ» 
contact  of  the  iilver  produces  any  new  power^  but  that  it 
ferves  merely  as  a  conduaor  of  ele6:ricitv,  and  thereby  occa- 
fions  the  formation  of  hydro2:en  gas. 

In  the  third  experiment  lilfo,  the  iron  by  itfejf  has  th« 
power  of  precipitating  copper  by  means,  I  prefume,  of  elec- 
tricity evolved  during  its  folution  ;  and  here  likewife  thtr 
filver,  by  conduding  that  electricity,  acquires  the  i>ower  of 
precipitating  the  copper  in  \U  metali'ic  ftate. 
_  The  explanation  here  given  receives  additional  conilrma- 
lion  from  comparative  experiments  which  I  have  made  with 
common  electricity ;  for  it  will  be  fcen  that  the  iitme  transfer 
of  chemical  power,  and  the  fame  apparent  reverfion  of  the 
ufual  order  of  chemical  affinities  in  the  precipitation  of  cojiper 
by  filver,  may  be  effected  by  a  common  L-lccb.ical  nxachiiic. 

The  machine  with  which  the  following  experiuK'ni::  were 
<ionducted,  confifts  of  a  cylinder  7  inches'^in  diameter,  with 
a  conductor  on  each  lidc  i5  inche>^  loi>n-  an-j  3;  inches  dia- 
meter^ 
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meter,  each  furnidied  with  a  flidincr  ele£lrometer  to  regulate 
the  itrength  of  the  fpark  received  from  them. 

Exper.  4.  Having  a  wire  of  fine  filver,  -^~  of  an  inch  in 
diameter,  I  coated  the  middle  of  it,  for  2  or  3  inches,  with 
feahng-wax,  and,  by  cutting  through  in  the  middle  of  the 
wax,  expofed  a  feclion  of  the  wire.  The  two  coated  extre- 
mities of  the  wire,  thus  divided,  were  immerfed  in  a  folution 
of  fulphate  of  copper  placed  in  an  eleftric  circuit  between 
the  two  conductors;  and  fparks,  taken  at  V-o  ^^  ^^"^  moh  di- 
ftance,  were  pafl'ed  by  means  of  them  through  the  folution.' 
After  100  turns  of  the  machine,  the  wire  which  communi- 
cated with  (what  is  called)  the  negative  conductor  had  a  pre-' 
cipitate  formed  on  its  furface,  which,  upon  being  burniflied,. 
was  evidently  copper;  but  the  oppofite  wire  had  no  fuch 
coating. 

Upon  reverfing  the  direction  of  the  current  of  eleftricity,- 
the  order  of  the  phienomena  was  of  courfe  reverfed ;   the 
copper  being  fhortly  rediffblved  by  afliftance  of  the  oxidating 
power  of  pofitive  electricity,  and  a  fimilar  precipitate  formed 
on  the  oppofite  wire.  ^   ■^*'- 

E.vper.  5.  A  fimilar  experiment  m.ade  with  gold  wires  --'^ 
of  an  inch  diameter,  in  a  folution  of  corrofive  fublimate, 
had  the  fame  fuccefs. 

The  chemical  agency,  therefore,  of  common  electricity  is 
thus  proved  to  be  the  fame  with  the  power  excited  by  che- 
mical means;  but,  fince  a  difference  has  been  obferved  in 
the  comparative  facility  with  which  the  pile  of  Volta  decom- 
pofes  water,  and  produces  other  effects  of  oxidation  and  de- 
oxidation  of  bodies  expoled  to  its  action,  I  have  been  at  fome 
pains  to  remove  this  dif^cultv,  and  can  at  leafl  produce  a 
verv  clofe  imitation  of  the  oalvanic  pha^nomena  by  common 
ekcStricity. 

It  has  been  thought  neccffary  to  employ  powerful  ma- 
chines and  large  Levden  jars  for  the  dccompofition  of  water; 
but,  when  I  confidered  tliat  the  dccompofition  muft  depend 
on  duly  proportioning  the  ftrength  of  the  charge  of  electricity: 
to  the  quantity  of  water,  and  that  tlie  quantity  expofed  to  its 
action  at  the  furface  of  communication  depends  on  the  extent 
of  that  furface,  I  hoped  that,  by  reducing  the  furface  of  com- 
munication, the  decompofition  of  water  might  be  effeCted  by 
fmaller  machines,  and  with  lefs  powerful  excitation,  than 
have  hitherto  been  ufed  for  that  purpofe;  and  in  this  hope" 
I  have  not  been  difappointed. 

Exper.  6.  Having  procured  a  fmall  wire  of  fine  gold,  and 
given  it  as  fine  a  point  as  I  could^  I  iaferted  it  into  a  capil- 
lary 
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larv  glafs  tube^  and,  ifrer  heating  the  tube  fo  as  to  make  it 
adliere  f  ^  ihe  point,  and  cover  it  in  every  part,  I  gradually 
ground  it  down,  till,  with  a  pocket  lens,  I  could  dilceni  that 
the  point  of  the  gold  was  expoled. 

The  Tuccefs  of  this  method  exceeding  my  cxpeclatlons,  I 
coated  feveral  wires  in  the  fame  manner,  and  found,  that 
when  fparks  from  the"  conduclorS  before  mentioned  were 
made  to  pafs  through  water,  by  means  of  a  point  fo  guarded, 
a  fpark  pacing  to  the  diftance  ot  ~  of  an  inch  would  decom- 
po.'e  water,  when  the  point  ^xpofed  did  not  exceed  -—^  of  an 
inch  in  diameltr.  With  another  point,  which  I  eflimated 
at  i-jr  c  J  ^  fucceffion  of  fparks,  ^V  of  an  inch  in  length,  af- 
.  forded  a  current  of  fmall  bubbles  of  air. 

I  have  Imce  fcvynd  that  the  fame  apparatus  will  decompofe 
water  with  a  wire  -A  of  an  inch  diameter,  coated  in  the 
manner  before  defcribed,  if  the  fpark  from  the  prime  con- 
ductor paifes  to  the  diftance  of  ^t-  of  an  inch  of  air. 

Exper.  7.  In  order  to  trv  how  far  the  ftrength  of  the  elec- 
tric fpark  might  be  reduced  by  proportional  diminution  of 
the  extremity  of  the  wire,  J  paiTed  a  folution  of  gold  in  aqna 
regia  through  a  capillary  tube,  and,  by  heating  the  tube, 
expelled  the  acid.  There  remained  a  thin  film  of  gold  lining 
the  inner  furface  of  the  tube,  which,  by  melting  the  tube, 
was  converted  into  a  very  fine  thread  of  gold,  through  the 
fubftance  of  the  cr'afs. 

When  the  extremity  of  this  thread  was  made  the  medium 
of  communication  throuorh  water,  I  found  that  the  mere 
current  of  electricity  would  occafion  a  ft  ream  of  verv  fmall 
bubbles  to  rife  from  the  extremity  of  the  gold,  although  the 
^vire,  by  which  it  communicated  with  the  pofitive  or  nega- 
tive conductor,  was  placed  in  abfolute  contact  with  them. 
Hence  it  appears  that  decompolirion  of  water  mav  take  place 
by  common  eieftricity  as  well  as  by  the  electric  pile,  although 
no  dilcernible  fparks  are  produced. 

The  appearance  of  two  currents  of  air. may  alfo  be  imitated. 
by  occafioning  the  eleftricitv  to  pafs  bv  fine  points  of  com- 
munication on  both  fides  of  the  water;  but,  in  i^R,  the  re- 
semblance is  not  complete ;  for,  in  every  wav  in  which  I 
have  tried  it,  I  obferved  that  each  wire  gave  both  oxygen 
and  hydrogen  gas,  inftead  of  their  being  formed  feparately, 
as  by  the  electric  pile. 

I  am  inclined  to  attribute  the  difference  in  this  refpe6t  tc 
the  greater  intenfity  with  which  it  is  neceflarv  to  employ 
common  eleCtricityj  for,  that  pofitive  and  negative  eieCtricitv, 
fo  excited,  have  each  the  fame  chemical  power  as  thev  are 
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obferved  to  have  in  the  ele^lric  pile,  may  be  afcertained  by 
other  means. 

In  the  precipitation  of  copper  bv  filver,  an  inflance  of  de- 
oxidation  (or  phlogiltication)  by  negative  eleftricity  has  been 
mentioned  :  the  oxidating  power  of  pofitive  electricity  may 
be  alfo  proved  by  iis  effect  on  vegetable  blue  colours. 

ExptT.  8.  Having  coloured  a  card  with  a  (Irong  infufion 
of  litmus,  I  palTcd  a  current  of  electric  fparks  alonn;  it,  by 
nicans  of  two  fine  gold  points,  touching  it  at  the  diitance  of 
an  inch  from  each  oiher.  The  cffecty  as  in  other  cafes,  de- 
pending on  the  iinalhiefs  of  the  quantity  of  water,  was  molt 
difcerniblc  when  the  card  was  nearlv  drv.  In  'ehis  ftate,  a 
vcr\'  few  turns  of  the  machine  were  fufficient  to  occafion  a 
rednefs  at  the  pofitive  wire,  verv  manifeft  to  the  naked  eve. 
The  negative  wire,  being  afterwards  placed  on  the  fame  fpot, 
foon  reltored  it  to  it?  original  blue  colour. 

By  Mr.  Volta's  apparatus,  the  fame  effects  are  produced 
in  much  Icfs  time. 

Befide  the  fimilarltv  v^'hich  has  thus  been  traced  between- 
the  efiecls  of  eleclricity  excited  by  the  common  machine  and 
thofe  obferved  from  the  eleclric  pile,  I  think  it  appears  alfo 
probable  that  thcv  originate  from  the  fame  fource. 

With  regard  lo  the  Liter,  its  power  is  now  known  to  de- 
pend on  oxidation  ;  fo  alfo  does  tiie  excitement  in  the  former 
appear  very  much  to  depend  on  the  fame  procefs:   for, 

Erpcr.  L).  I  have  found,  that  bv  ufino;  an  amalgam  of  filver 
orofplatina,  which  are  not  liable  to  be  oxidated,  I  could 
obtain  no  ele6i.ricity.  An  amalgam  of  tin,  on  the  contrary, 
affords  a  good  degree  of  excitement.  Zinc  acls  (till  better;  but 
the  beft  amalgam  is  made  with  both  tin  and  zinc,  a  mixture 
which  is  more  eafily  oxidated  than  either  metal  feparately. 

Exper.  lo.  But,  as  a  further  trial  whether  oxidation  affifi^* 
in  the  production  of  ele^ricity,  I  mounted  a  fmall  cvlinder, 
with  its  cufliion  and  conductor,  in  a  veflel  fo  contrived  that 
1  could  at  pleafiire  chano-e  the"  contained  air. 

After  trying  the  degree  of  excitement  in  common  air,  I 
fubitituted  carbonic  gas,  and  found  that  the  excitement  was 
inmiediatelv  deftroved,  but  that  it  returned  upon  readmifli-oR 
or  atmolpnenc  an*. 

In  conformity  to  this  hvpothefis,  we  find  that  the  metaf 
oxidated  is,  in  each  cafe,  in  a  fimilar  ftale  of  electricity ;  for 
ihe  cufliion  of  the  machine,  bv  oxidation  of  the  amalgam 
adhering  to  it,  becomes  neirative;  and,  in  the  fame  manner, 
zmc  oxidated  by  the  accumulated  power  of  an  electric  pile, 
or  limplv  bv  a6lion  of  an  acid,  is  alfo  negative. 

Thia 
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This  fimilaritv  in  the  means  by  which  both  electricity  and 
j^^alvaiiifni  appear  to  be  excited,  in  addition  to  the  relemblance 
tiiat  hns  been  traced  between  their  eftecls,  (liows  that  thcv 
are  both  eflentiallv  the  fame,  and  confirms  an  opinion  that 
has  already  been  advanced  !)v  others,  that  all  the  differences 
difcoverabic  in  the  CiTects  of  the  latter,  may  be  owing  to  its 
being  lefs  intenfe,  but  prodaced  in  much  larger  quantity. 


XXXVII.  On  the  Prrfevfation  'which  Ammah  ha-ve  rf 
Changes  hi  the  Weather,"  By  Dr.  F.  A.  A.  Meter,  rJ 
G'ottino-eii  * . 
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S  MOULD  only  repeat  what  ha«  been  already  long  known, 
if  f  Ihould  attempt  to  prove  that,  by  the  great  enlargement 
of  our  knowledge  refpediing  the  natural  hiftorv  of  foreign 
animals,  bv  means  of  various  learned  traveller^,  we  are  now 
enabled  to  explain,  to  the  failsfa^iion  of  the  judicious  natu- 
ralilt,  manv  phsenomena  which  occur  among  indigenous 
animals.  The  fenfations  which  take  place  in  animal  bodies 
l)ef(ire  a  chancre  of  weather,  which  animals  exprefs  by  va- 
rious external  appearances,  and  which,  without  takino-  part 
in  the  difpute  whether  animals  are  endowed  or  not  with 
iijuls,  mav  be  called  a  prefenfation,  feem  however  to  require 
coniiderablc  explanation.  I  am  well  aware  that  it  will  be 
impoflible  for  me  to  explain  things  which  have  not  as  yet 
been  perfcctlv  explained  bv  men  of  the  greateft  knowledije; 
but  I  am  co!ivinced  that  every  thing  u'hich  can  contribute 
to  the  illuilration  of  an  obfcure  fubjecl  defervcs  to  be  fub- 
mitted  to  a  proof,  and  that  it  is  of  uic  to  communicate  even 
fingle  obfervations  on  points  concerning  which  fyftems  can- 
i^.ot  be  formed  till  after  the  expiration  of  centuries.  Con  • 
fidering  the  fubjeft  in  this  point  of  view^,  I  prcfent  the  fol- 
lowing. 

Prefenfation  may  be  aduiitted  under  three  head^ : — I.  The 
prefenfation  which  animals  have  of  dry  fair  weather.  II.  The 
prefenfation  wliich  animals  have  of  raii^y  weather.  III.  The 
prefenfation  which  animals  liave  of  Itormv  v/eather. 

What  regards  the  two  tirft  claffes  of  the  prefenfation  of 
animals  is  taken  from  the  Giittingen  Pocket  Almanac  for 
the  year  1779,  ^^^^  editor  of  which,  ai  is  well  known,  was 
at  that  period  counfeilor  Liclitenberg.  In  that  wc^rk  I  found 
the  CxOit  authentic  obfervations  of  the  latelt  v.riters  coliectcd 
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together.     The  obfervations  rcrpctting  the  third  clafs  I  col- 
lected mvfelf. 

Firft,  then,  refpccling  the  prefenfatiou  which  animals  have 
of  fair  dry  weather. 

Clear,  dry  weather  generally  follows  after  wet  weather, 
when  the  atmofphere  has  been  freed  from  the  vapours  col- 
le61ed  in  it  bv  their  falling  to  the  earth  in  rain.  Clouds  as 
well  as  rain  are  the  means  by  which  the  air  frees  itfelt  from 
the  electric  vapours  that  are  continuallv  arifing;  and  if  thefc 
ao^ain  full  down,  it  appears  very  natural  that  animals,  which 
live  chiefly  in  the  open  air,  fliould  exprefs,  by  various  ex- 
ternal movements,  the  cafe  with  which  thev  breathe^  and 
perform  all  the  vital  funftions.  From  this  principle  itieems 
not  difficult  to  explain  the  following  obfervations: 

The  fluttering  of  bats  in  the  evening,  beetles  flving  about 
on  the  highways,  and  the  fporting  of  gnats  towards  funfet, 
require  no  explanation.  I  fliall  only  remark,  what  is  already 
well  known  to  every  obferver,  that  this  prefenfatiou  is  highlv 
ufeful  to  bats  as  well  as  to  infedis.  Every  fliowcr  of  rain 
would  render  it  impoffible  for  them  to  fly,  as  their  wings 
are  not  fecured  bv  any  oily  matter  ajrainft  moifture :  thev 
would  therefore  be  rendered  much  heavier  by  rain,  and  unfit 
for  flving,  and  they  could  not  be  fo  ealily  placed  again  in 
folds,  which,  conndering  the  ftruClure  of  thefe  animals,  is 
abfolutely  neceflTary,  as  when  thev  have  remained  drv. 

The  fame  principle  feems  to  be  applicable  to  the  liigli 
flight  of  larks  and  fwallows,  which  perhaps  haften  to  the 
upper  reoricns  of  the  atmofphere  becaufe  they  are  freer  from 
vapours  and  more  fuited  to  ihem,  and  becaufe  the  lower  re- 
gions, being  more  loaded  with  vapours,  aflbrd  them  Icfs  plea  - 
lure  than  thofe  above.  The  infecls  alfo  which  they  purfue 
for  food  take  then,  perhaps,  a  higher  flight. 

The  croaking  of  the  green  water-frog  in  pond?  I  cannot 
fuflficiently  explain  ;  but  it  fecnis  to  exprefs  the  pleafure 
arifing  from  the  greater  rjuantltv  of  iniecls  then  flying  about, 
aiid  which  they  can  catch  with  more  eafe  and  conveiiience. 
But  clear  drv  weather  is  not  fo  ao;reeable  to  froirs  as  the  re- 
turn  of  warm  weather.  It  they  make  a  noife  in  the  tmie  of 
cold  rain,  warm  drv  weather  will  follow.  But  if  the  drv 
weather  proceeds  from  raw  winds,  and  if  warmth  and  rain 
fucceed,  their  noifc  may  foretel  rain ;  and  therefore  Lin- 
naeus's  rule  p^-a:dlclt  plu^^'mrn  \\'\\\  lofe  nothing  of  its  truth. 
He  feems  fo  much  the  more  to  be  right,  as  more  raw  than 
Vr'ann  dry  days  take  place  in  the  climate  of  Sweden.  I  have, 
to  my  great  iiiconvcnieiicf  ^  experienced  the  truth  of  his  afler- 

■  tion. 
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tion,  on  journevs  which  I  was  under  the  neceffity  of  conti- 
nuing tor  feveral  davs. 

That  the  weather-tifn  *  {colliis  fofjllis)  leaves  the  water 
quite  pure  during  dry  weather,  and  the  green  frogf  fits  at 
the  top  of  the  glafs,  may  proceed  from  the  Hghter  or  heavier 
ftate  of  the  atmofphere,'  parlicliularly  as  the  latter  is  remark- 
ably fond  of  cleanlinefs  and  moderately  pure  air. 

I^ie  alTcinbling  of  ravens  in  the  fields,  and  the  finging  of 
the  wood-pigeon^  may  be  eafily  accounted  for  from  the  above 
principles. 

I  have  never  feen  birds  in  good  weather  drefs  their  fea- 
thers with  oil  from  their  fat  glands,  in  order  to  fecure  them 
from  rain ;  but  I  have  obferved  many  do  fo  when  the  atmo- 
fphere was  overcaft,  and  when  there  was  an  appearance  of 
rain.  I  ihould  therefore  include  this  circumltance  in  the 
folio  wins;  clafs^  did  not  experience  admit  alfo  of  another  ex- 
planation, viz.  that  the  birds,  from  the  atmofphere  becoming 
lighter,  hope  for  the  fpecdy  arrival  of  dry  weather,  and  there- 
fore anoint  themfelves,  and  fecure  their  feathers  from  moifture^ 
that  they  may  be  able  to  ilv  higher  than  ufual  with  the  lefs 
impediment.'  If  the  laft  explanation  ought  not  10  be  alto- 
gether rejected,  as  I  do  not  tiiink  it  can,  we  may  admit  of 
this  obfervation  ;  efpecialiv  as  all  the  experience  of  men 
worthv  of  belief  allows  of  no  reafoning  to  be  brought 
again  11  it. 

The  expreffion  of  animals  v/hich  fhow  a  prefenfation  of 
rainy  weather  mav  be  explained  partly  from  the  increafing 
weight  of  the  atmofphere,'  partly  from  their  manner  of  living, 
and^  partly  from  the  want  of  moiiture  which  is  neceflary  to 
their  exjftencc. 

The  reftlefiiiefs  of  doniefTic  cattle  may  proceed  from  many 
caufes.  His  known  that  the  atmofphere  in  fummer,  before 
Tain  falls,  is  generailv  heavier,  on  account  of  the  eiectric 
vapour  that  arifes.  The  infects  which  infeft  cattle,  and 
which  mark  this  heavinefs,  become  then  more  numerous, 
and,  getting  into  the  (tails  where  the  cattle  are  kept,  torment 
them  and  inake  them  reftlefs.  The  afcending  vapour  has 
alfo  perhaps  fome  influence  on  the  Ikins  of  thefe  animals, 
w  hich  ceaies  when  the  eanh  does  not  fufler  fo  much  vapour 
to  efcape  as  before  ;  or  the  air,  too  ftrongly  charged  with 
electricity,  excites  in  them  an  unpleafant  fenfation.     It  in- 

■^  So  called  becauie  kept  in  Gci-manv  to  forctcl  charges  of  the  weather. 
When  the  weather  is  fine  they  contmuw  qjicr.  but  before  a  ftorm  or  rain 
are  very  reftlefs. — Edit. 

+  This  animal,  thou£;h  very  ^ommfjii  ui  u::<i.>  ^^^u:-  jf  Europ:,  is  not 
found  in  England.  — ;>dit. 
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deed  appears  ftrancre  to  explain  the  fame  pha?nonienon  from 
two  perfc6lly  oppofite  caufes,  a  want  and  an  excefs  of  electri- 
city ;  but  we  know  cafes  of  the  like  kind  in  medicine,  fuch,  for 
example,  as  that  where  the  cramp  and  deep  produces  atonia. 
People  who  have  wounds  or  old  ulcers  feel,  on  a  change  of 
weather,  a  contraction  and  bnrnintx  in  thofe  parts;  and  why 
fliould  not  fych  affections  take  place  in  animal>  r 

All  thefc  grounds  taken  torrcther  will  be  fufficient,  in  my 
opinion,  to  explain  whv  hories  and  aifes  rub  themfelves, 
ihakc  their  heads,  and  fnuffthe  air  bv  turninc;  up  their  nofes; 
why  alTes  bray  much,  and  jump  about ;  whv  cattle  fcrapc  up 
the  earth,  and  ftamp  with  their  feet;  and  whv  fwine,  though 
not  hungry,  eat  greedily  and  diir  up  the  earth  a  sTeat  deal 
with  their  fnouts.  The  reftleflnefs,  running  about,  fcraping 
with  the  feet,  and  eating  graf?,  amonij  dogs ;  and  n^olcs 
continually  throwing  up  the  earth,  can  all  be  deduced  from 
the  fame;  as  well  as  the  cats  dretiino-  themfelves. 

I  have  remarked  that  cocks  crow  on  everv  change  of 
weather,  beiidcs  at  the  ufual  time.  Thev  as  well  as  pigeons 
haften  to  their  places  of  theUer  in  order  to  be  fecured  aoainft 
the  rain,  the  approacli  of  which  thev  niaft  be  fenfible  of,  by 
the  continually  increafing  weie:ht  of  the  atmofphere. 

The  canfe  of  fowls,  pioeons,  quails,  and  other  birds,  wafli- 
ino-  themfelves,  appears  to  me  to  be  a  certain  heat  or  itching, 
which  they  wilb  by  ihefe  means  to  remove. 

Swallows,  in  all  probabilitv,  take  a  low  flight  on  the  ap- 
proach of  rainy  weather,  bccaufe  the  cleclric  atmofphere  is 
too  heavy  for  them,  and  becanfe  thev  have  not  fufficient 
Itrength  to  mount  above  it.  But  cranes,  as  beins:  Itronger 
birds,  em.ploy  all  their  itrengLQ  to  rile  above  it,  and  therefore 
fly  fo  hi2"h. 

I  have  remarked  in  ravens,  that  their  croaking,  unlefs 
when  they  fmell  carrion,  proceeds  from  fear.  They  obferve 
perhaps,  by  the  atmofphere  itill  becoming  heavier,  that  a 
Itorm  highly  difagreeable  to  them  vv'ill  toon  take  place,  and 
therefore  they  croak,  end  attach  themfelves  to  trees;  and  when 
they  arc  flartlcd  by  any  thing  uncommon,  they  take  a  high 
flight,  making  a  loud  crv.  Thev  eafilv  difcover  their  perie- 
cutors  amono  men,  and  always  crv  with  a  loud  ncifc  as  lone: 
as  they  think  they  are  purfued  by  them. 

That  jackdaws,  on  the  approach  of  rainy  weather^  flap  their 
wings,  and  pick- their  feathers  with  their  bills,  may  be  ex- 
plained partly  by  an  unpleafant  fenfation  before  rain^  and 
partly  from  the  ftale  of  the  atmofphere. 

To  the  before-mentioned  itching  or  burning  fenfation  I 
fef^r  alfo  the  bathing  and  plungii;}g  of  water-fowl.     That  the 

birds 
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birds  of  the  forcft  fliould  haften  to  their  nefts  Is  very  natural 
as  from   the  Hate  of  the  atmolpherc  they  inuit  apprehend 

'  The  crvincr  of  peacoeks,  except  at  pairing  time,  appears 
to  be  a  ph^noniencn  aiialo.crous  to  tiie  crowing  ot  coc^vS. 
I  have  often  remarked  it  on'a  change  ot  v.eather,  and  otten 
even  on  a  channe  ot  wind.  ... 

That  ftorks  and  cranes  plice  tlicir  b'lU  un-ier  their  wings, 

i>  a  phienomenon  remarked  aifo  an^ong  domelbc  low  is  when 

thev  fly  to  their  roods  to  fecure  thcmleives  agamlt  rain.    1  heir 

-pecking  their  i)reafts  feems  to  fignify  an  itching  lenlation  m 

that  part  of  iheir  bodies. 

The  croakino-  of  the  male  green  or  tree  frog  ieems  to 
denote  an  unplJafant  ienf^nion,  for  in  fine  weaiher  I  never 
heard  them  fend  forth  the  imalleft  cvv.  But  the  appearance 
of  toads  implies  a  pleafant  fcnfation,  as  thele  animals  are  lo 
fond  of  livino;  in  dirt.  ,    r       i 

Ant^  labour  with  o;reat  dilicrence,  and  bees  haften  home, 
and  do  not  fly  far  from  their  hives,  becaufe  thev  follow  then- 
initina.  The  former  endeavour  to  complete  their  habitations 
and  to  fecure  themfelves  better  acrainft  rain,  and  perhaps  to 
lay  up  provifion  for  the  rainv  feafon.  The  latter  halten  home 
to  their  hives,  and  flv  no  more  abroad,  becaulc  the  wet  would 
Hnpede  them  in  their  flight  and  labour. 

Gnats  [conops)  come  into  houfes  to  fecure  theinielves  from 
erain,  which  would  impede  their  flight,  and  there  they  attach 
themfLlves  to  the  Ir-gs  to  procure  that  nouriflunent  which  is 
denied  chem  without. 

The  increaicd  b-.ting  of  fleas  T  cannot  explain,  as  the  na- 
tural hiftory  of  thefe  infects  is  as  vet  too  obfcure.  ^    ^ 

Earth-worms  cr^ep  from  their  holes  through  mftindt,  as 
they  can  move  themfelves  forward  only  upon  earth  that  is 

ilipperv.  tit 

A  nrefenf^tion  of  (lorms  I  have  obferved  only  among  the 
perfect  of  the  mammalia,  and  as  yet  but  among  two,  viz. 
man  and  the  doe.  Both  thefe  feem  to  have  a  fenfe  of  the 
increaftd  electricitv  of  tli<-'  atmofphere.  It  appears  in  genera  , 
that  the  more  impcrfea  animals  remark  only  the  approach 
of  dry  weather  ;  the  more  perfea,  the  approach  of  ram  ;  and 
the  moft  perfea,  the  approach  of  ftorms.  All  animals,  per- 
haps, with  iheir  external  fenfes,  and  all  plants  by  their  or- 
o-ans,  arr  fenflble  of  the  variations  of  the  weather  :  but  plants 
are  not  l:c.e  my  objca,  and  it  is  not  neceflary  to  prove  the 
influence  of  thc'wcather  on  them,  as  it  is  futticiently  appa- 
rent to  every  obferver.  Here  I  allude  only  lo  the  external 
expreflion  of  internal  fenfaiions,  as  may  be  ieen  by  the  ad- 
^  O  4  ^''^^^^ 
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duced  inftances;  elfe  one  nright  confiderthe  fhutting  and  tyr- 
panding  ot  many  plants  as  foreboding  variations  of  the  whither. 

The  dog,  on  the  approach  of  rainy  weather;  c.:prt!res  iigns 
of  Lineafinefs ;  fcratches  himfelf,  becaufe  the  fleas  i hen  bite 
him  with  more  violence;  digs  up  the  earth  with  his  feet, 
runs  round,  and  cats  grafs  :  he  is  accuftomed,  hovvev.  •,  to  do 
tlie  latter  when  he  is  very  hot^  perhaps  to  cool  hir  cif.  and 
in  general  a  ftorm  follows  foon  after.  Before  a  (ton  :  l  c  eva- 
porates more  itionglv,  fo  that  his  faidl  htcomes  intoie.able  ] 
he  creeps  in  a  dejected  manner  to  his  mafter,  and  lies  ouiet. 
The  cat  alfo  fecnis  to  have  this  in  common  with  the  dog,  that 
ilie  creeps  to  her  mafter  alfo  on  t!:e  ^^pproach  of  a  (lornT.  But 
all  thefe  phaenomena  require  a  furt^.;^;-  explanation. 

The  moft  perfect  of  all  animals,  man,  is  on  the  approach 
of  ftorms  only  fubje6l  to  certain  unpleafant  feniatioii.- ;  but 
thele  muft  teach  him,  in  the  moft  ftriklnjr  manner,  Uiat  his 
fpiritual  part,  even  though  it  difengages  iifelf  fo  much  from 
oppreffive  cares,  is  irremediably  connected  here  below  with  a 
fluggiih  body,  which  frequently  ocrcifc^  tyrannic  vy?\  over 
the  foul.  Men  in  a  found  ftate  of  heokh  are  fubjededj  on 
the  approach  of  fiormy  weather,  to  a  hea'-.nefs  of  bodv  and 
mind,  a  want  of  capacity  to  peifcrm  their  ufual  occupations, 
a  ya^vning^nd  relaxation,  which  are  highly  difagrccable. 
Thefe  are  often  accompanied  alfo  v.ith  a  fenfation  ot  heat. 
All  thefe  phsenomena  appear  in  fome  more  and  in  others  lefs, 
and  in  fome  do  not  take  place  at  all :  but  the  lad  calc  hap- 
pens very  rarely.  Sick  perfons,  or  thole  wh.  fe  juices  are 
corrupted,  experience,  befidcs  the  above,  an  itching  heat  m 
thofe  parts  of  their  bodies  which  are  i^ovcred  ;  ^nd  many  who 
have  old  wounds,  ulcers,  and  the  like,  have  in  thefe  uncom- 
mon fenfations.  Many  of  thefe  may  be  afrribed  to  perfpira- 
tion  checked  by  the  great  heat;  though,  as  Weikard,  a  phi- 
lofophic  phyfician,  aflert?,  the  want  oif  electric  matter  in  the 
body  may  have  fome  fliare  in  them  alfo. 

When  llormy  weather  happens  in  winter,  th^fe  fenfations, 
as  well  as. the  before-mentioned  prefenfation  of  aninu Is,  do 
not  take  place;  at  lead  no  one  has  ever  obferved  them  This, 
in  all  probability,  arifes  from  the  influence  of  the  feaion. 

I  muft  conclude  this  efl^ay  with  requefting,  that  what  I 
have  here  faid  may  be  cor^fidered,  as  it  really  is,  an  hypo- 
thetic exnlanation  of  well  known  fads. 
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XXXynr.  Account  -fa  Journej  from  the  For/r.-rs  of  <^V'.-.. 
^a    al  t.,e  northern  F..t /d.nt  Caucal^J  Uh^'^n 

fix  Coir,  .  1,;'^  au.,  I,<.v,i,^v  ,n  „ur  fu-te  tno  officers  and 
tiK.-  P.  i'.^  T5^!;Sr"'-^V'="'-'  ''•"'  ■■•"  '^•i-'-^'retcr  for 
■"-  •-arav,,,    confiltcc    of  (weniv-thrpp    f-    •".,   '^,        =    p^- 

fixt;';:i!t";f "'  ""''  ^  S^'-^rd  of  fifty  res,.l.r  CofT.cs  f  nd 

by^"ve-al  '^  "■'  T^"'^''^'^  L'.frer  Kabarda,  which  is  ruled 
o>   Kve.al  pr.a.es  lubieft  to  the  l^ufirin  ro-trmient    and 

order  1    *  •''^^^■■""cn,  nt   the  lugher  Caucalian  ricVe   ", 
order  to  p.oteft  our  comm..n;catu>n   u,th  Georgia -"w 

V.  ucams,  vv  :,c      ..e  Perfian.-^,  Indians,  and  Arabi  ins  rqll 
-^^--'^  ruendsfron,  ci,e  Riack  to  the  Cafnian  fe-      TV    rJ^ 
of  tno.  nta„.s  n-e  had  to  .  .f.  i„  as  whofe  l"=  dih  I'lh  If! 

am  the  Terek  a  commodious  road  was  conftruftf  I,  abo  t 
Uv.  y.ars  ago  ,n  order  to  open  a  free  comtrunicati^n  whh 
Geoi^^a;  and  this  route  in  the  fummer-time  is  paTabl.  fi^ 
carnages  J  but  m  the  winter  it  is  not  poflible  to  trrvel  in  that 

•  From  Neue  Vlormfche  Beylra^e,  by  profelftr  Paila-,  vM.  vi 
n-aTa'thr'^""  "/"'"'""i''^  ^-'o^dudcr  of  the  carav.n,   prince  T. 
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npnncr  through  the  fnow  mountains,  as  the  road  between  tlie 
inountains  is  covered  wiihiiiow,  and  the  travellers  are  c>oli-ed 
to  pais  over  ridrcs  and  eminence?  whicJvarc  praaicaoic  oniy 
for  reifoas  on  horfeback  orontbo^    Along  this  road  the  hi"h 
rockv  mouniains  rife  in  pvramklal  forms.,  and  hkc  tuo  walls 
of  rock  on  each  Ikle  ;  llie  vallev,  which  forms  a  paiiage  between 
them,   .vhere  iDroadelt  may  be  about  30c  yards,     'i  he  people 
\\\vj  inhabit  the  country  in  the  neighbourhood  of  this  roac, 
in  the  mountains,  and  iometimes  on  the  river  Terek,   where 
the   ntr.ntion   of  the  mouniams  w-ill  admit  of  it,  are  called 
Offi  or  OficMncs.     The  f(;rmer  name  was  known  in   anlient 
times  and  is  ftill  ufed  amono-  the  people  themfelves,  but  by 
the  Rufiians  thev  are  called  Oii:etinzy.     Their  language  nas 
aio  afrnity  to  aiiv  of  tlic  Afiatic  diakas  but  the   Penian.. 
Thofe  who  live  t'o  the  north  are  ftill  pagans,  and  worflnp 
<loo-5,  cats,  and  various  other  animals  which  have  been  ftruclv 
bv^H'-htnirs:.     Their  habitations  are  all  like  fortrefles,  and 
furroimded^bv  antique  round  towers,  S:c. 

Oil  the  18th  we  arrived  at  the  fnow  mountains,  after 
bemc".  attacked  at  a  narrow  pafs  oji  our  way  by  the  above- 
mentioned  Ofieiincs.  l"he  pretended  caufe  was,  that  thev 
demanded  toil  from  us;  but,  as  it  had  been  fettled  by  aH 
the  ppTices  refiding  among  the  mountains,  that  every  t.img 
belon-inir  to  Ruma  Ihould  be  fuftbred  to  pafs  free,  our  com- 
mande,'-  wo-dd  not  compiv  with  iht.r  demand,  nor  pay  them 
a  (ino-le  farthing;.  When  the  Ofletine?  found  that  they  cordd 
obtain  nr:thin£  thev  be<ran  to  roll  down  on  us  a:'  nidimg 
iaro-e  maffes  of^ rock;' and  they  difcharged  alfo  the.r  i.ra-arms, 
bu?  without  doing  us  any  hurt.  Our  amba{rador,^.owevcr 
-^vas  fo  incenfed,  that  he  commanded  60  of  the  chal.eurs  and 
3  ro  of  the  ColTac's,  who  formed  our  efcort,  to  march  agauiit 
th-m  •  but  thev  could  not  reach  them  but  bv  a  circuitous 
route  of  abQut'fort^  werfcs.  When  the  OiTetines  faw  that 
this  party  were  goine  round  to  attack  them  in  the  rear,  they 
folici'ted 'f^-ro;ivenefD,^and  fuffered  us  to  pafs  unmolefted.    ^ 

On  the  19th  we  continued  to  afcend  the  fnow  mountains, 
%vhere  we  were  imich  aftoniflicd  at  the  hidden  change  of  the 
climate.  Hitherto  the  weather  had  been  temperate,  and  we 
had  enjovcd  the  moft  beauuful  views,  highly  pifturefque  on 
account  of  the  different  colours  of  the  rocks,  which  in  many 
places  were  ornamented  with  a  fort  of  cryftallized  figures.  In 
:the  month  of  March,  Caucafus  mud  be  a  real  paradife  ;  tor 
the  cvprefs-like  juniper  trees,  the  cheftnut,  and  other  beautiful 
trec^'  are  every  where  found  mixed  in  the  moft  agreeable 
manner.  Travelling,  however,  through  the  fnow  mountains 
-  as  not  fo  pleafant.  Where  we  crofled  them  they  coiififted 
•^  or 
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of  about  five  ridges  running  parallel  to  each  other,  the  mid- 
dlernoft  or  higheit  of  whTch  role  above  the  elouds.  Each 
ridge  is  from  a  half  to  three  quarters  of  a  German  mile  in 
breadth.  When  we  reached  the  fumrnit  of  the  fiift  moun- 
tain we  experienced  a  moft  violent  cold,  and  thtf  fnow  lay  on 
the  ground  above  an  arichine  and  a  half  m  depth.  As'this 
mountain  was  not  verv  i^cxrr>^  we  palled  it  without  much  dif- 
tjculty.  When  -.ve  reaehcrl  the  bottom  we  had  to  erofs  the 
river  Terek  :  but  no  bridge  was  neceliarv,  for  the  river  is 
<-.'ont]nually  frozen,  and  the  ice  is  covered  bv  fnow  aceirmu- 
lated  tor  manv  years,  and  which  never  diflolves  in  fcmmer 
however  hot  the  weather  mav  be;  and  if  it  were  r.ot  for  tiiq 
prodiajous  noife  which  the  water  makes,  no  one  would  fuipect 
that  fo  rapid  a  ftream  liows  under  it. 

VVe  then  paflld   the  fccoiid-ridge,  which  however  R^emr-d 
to  be  far  more  dangerous,  as  it  is1-emarkiiblv  fteep.      When 
we  had  afcended  half  \\ ay  the  road  became  To  narrow,   that 
between  the  perpendicular  rock  on  the  one  fide,  and  the  pre- 
cipice, more  than  4C0  fathoms  in  depth,  at   the    bottom  of 
•  hich  is  the  bed  of  the  river,  only  two  or  three  feet  were  left 
i^r^us  to  pafs.      While    in    this    lituation  a  violent   wind 
aroie,  as  i^  commonly  tiie  cafe,  and  drove  down  a  prodienous 
quantity  of  fnow,  which,  as  misfortune  would   have  it^  fell 
upon  our  ambaOador,  his  Iteward,  and   a   riding  boy,  and 
hurried  them  all  together,  with  their  horfes,  to  the  bottom. 
Luckily   there  happened   to  be  in   this  place  a  jjrojecUon  of 
rock,  on  which  they  all  three  fell ;   but  fo  covered  with  fnow 
that  for  fome  minutes  they  could  not  be  (een,  until  they  had 
forced  their  way  from  the  faow  with  their  heads.     W'c  im- 
ediately  let  down  to  them,  by  means  of  ropes,  a  few  CoiTacs 
and  Oiietines,  who  are  ven/  expert  on  fuch  occafions.    Ttiefe 
people,  having  defcended  in  this  manner  at  leaft  140  ralhoms, 
helped  the  ambalTador  and  the  other  two  perfons  from  the 
fnow,  and,  having  made  them  fli(t  to  ropes,  thev  were  drawn 
up  without  anv  further  accident.     Amidft  fear  and  terror  wc 
proceeded  with  the  caravan  through   this  dangerous  place, 
dreading  every  moment  that  a  new  fall  of  fnowl-olling  down 
from  the  mountain  would  hurry  us  to  the  bottom  of  the  pre- 
cipice.    Ey  the  prote^^tion  of  Providence,  however,  we  were 
preferved,  and  arrived  in  fafety  at  the  top  of  the  mountain. 
Our  ambaiTador  was  not  hurt  by  his  fail,   but  greatly  friirht- 
ened.     Two  of  the  horfes,  contrary  to  all  expectation,  fotind 
means  to  clamber  up  the  fteep  fide  of  the  mountain  ;  and 
though  they  often  fell   among  the  fno\v  {q   that  notliincr  of 
them  was  to  be  feen  except  the  head,  they  made  their  way 
M^rough  it;  but  the  third  was  tvo  weak  :   and  while  exertino- 
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rhe  laft  reinaiti?  oi  his  ftrcngtb  by  a  fudden  fpring,  he  felt 
back  and  i-ollcd  down  the  precipice,'  fo  that  we  faw  no  more 

fif  him.  .  .  , 

Vy  e  now  defcendcd  the  mountain,  the  road  bemg  neither 
very  licep  nor  long,  till  we  arrived  at  the  next  ridge,   whidi 
ts,  as  it  were,  placed  upon  the  former.  This  third  and  ingheit 
ii^ow  mounram  was  fo  fteep  that  we  almotl  defpaired  of  being- 
able  to  pafs  it.     We  found  it  now  impoffible  to   ride;  lor, 
i-hcr.iLdi  the  road  was  here  and  there  two  feet  in  breadth,  we 
%vere7requentlv  oblioed,  for  the  diftance  of  half  a  werft  and 
jnore,  to  clamber  over  the  rocks  fonietimes  up  to  the  middle 
in  fnow.'    When  wc  had  at  length,  with  great  labour,  nam, 
and  fatlcTLie,  eot  to  the  fummit,  we  obfen-ed  the  clouds  rolling 
under  us,  and  could  no  lonrrer  fee  anything  of  the  lurround- 
ino-  countrv.     We  now  travelled  above  an  hour,  involved  m 
a  iort  of  thick  fog,  expofed  to  the  wind  and  fnow,   and  to  a 
more  penetrating"  cold   than  we  ^ver  remembered  to  have 
experienced  at  Pete  rib  ur2:h.  j  i     , 

When  we  began  to  defcend  from  this  high  ridge,  and  had 
aot  about  half  wav  down,  three  of  the  mules  laden  wiih  the 
iervicc  of  filver  plate  deftined  as  a  prefent  to  Perfia,  tLll  into 
a  fmall  fiifure  near  the  road,  which  at  firlt,  as  we  faw  their 
heads  above  the  fnow,  did  not  appear  to  be  of  much  conie- 
quence.  Thele  animals,  however,  exerted  their  whole  Itrength 
to  extricate   themfelves,    and   two  of  them   were  fortunate 
enough  to  fucceed ;   but  the  third,  which  had  approached 
too  near  to  the  declivity  of  the  mountain,  by  its  exertions 
fell  deeper  into  the  fnow;  and,  s^etthig  ftill  nearer  and  nearer 
to  the  edi^e  of  the  precipice,  rolled  dov^n  the  fide  ot  the  moun- 
tain to  the  depth  of  about  400  fathoms  from  the  road.     1  he 
boxes containincr  the  plate  broke  loofe  by  the  violence  of  the 
fall,  one  rollin^^  down  on  one  fide  and  the  other  on  the  other ; 
and  one  of  them,  being  dadied  againft  the  projec^cing  point 
of  a  rock,  burit  in  two  ;   but  the  other  fell  unhurt  on  a  Imall 
eminence  which  was  at^the  dillance  of  two  hundred  fathoms 
from  us.     In  that  fituation  we  were  obliged  to  leave  it,  as  it 
was  impoflible  to  approach  it  on  account  of  the  itecpnefs  ot 
the  mountain.     A  Gruiinian  (Georgian)  prince,  whom  the 
czar  fent  to  meet  us  on  the  frontiers,  promifed,  as  foon  as 
the  weather  would  permit,    and  the  new  fnow  fliould   be 
melted,  to  take  proper  care  that  the  Oiletines  in  the  next 
Tillage  (liould  bring  up  the  box  which  remained  whole,  and 
alfo  colled  the  fcattered  plate  which  had  fallen  from  the  box 
that  had  burff.  and  which  could  not  link  into  the  old  hard- 
ened inow,  as' it  is  fo  ftrong  even  in  fummer  as  to  bear  the 
weight  of  a  horfe.     Oil  our  return^  indeed,  one  of  the  boxes 
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^'ith  the  plate  was  brought  to  us  at  Teflis,  and  all  the  plate 
which  had  fallen  from  the  broken  one  was  ao;ain  found,  ex- 
cept fix  gilt  filver  diOies,  with  one  large  and  two  dozen  of 
fmall  iilver  fpoons  ;  of  the  gold  defiirt  Tervice,  feven  knives 
and  fonie  fniall  dillies  were  recovered;  and,  of  the  ailt,  thir- 
teen knives  and  fome  forks  *. 

Having  again  proceeded  on  our  journev,  we  at  ]cno;th, 
about  one  o'clock  in  ihe  morning,  after  s^reat  pain  and  diffi- 
culty, on  accoun*t  of  tlie  fnow,  which  was"  continually  roUino- 
down  troni  the  mountain,  arrived  without  further^'accideiS 
at  a  village  at  the  bottom  of  the  ridge  diltant  about  cio-hteen 
werils,  which  had  colt  us  eighteen  hours  labour  from  the  village, 
where  we  had  fpent  the  preceding  night.  This  viilacre  was 
one  of  the  poorelt  and  moil  wretched  in  all  Georgia;  "but  to 
us  it  was  a  welcome  place  of  refrefliment,  where  w^  remained 
during  our  twentieth  reitmg  dav,  and,  after  three  davs  journey 
more,  arrived  in  iafety  on  the  23d  of  Januarv  at  Tefiis,  the 
capital  cl  Georgia.  This  place  we  reached  at  midnicrht;  and 
though  it  was  iodark  that  we  could  not  fee  a  yard  b'eforc  us, 
we  concluded  from  the  dirt  and  narrmvnefs' of  the  ftreets, 
and  from  the  difagreeable  effluvia  which  aiTailed  us  from 
e\ery  corner,  that,^when  day-light  appeared,  we  fhould  find 
ourfelves  neither  in  a  Berlin  nor^a  Drefden  :  and  this  indeed 
was  the  cale,  as  will  appear  from  the  foliouiug  defcription. 
^^  But  vve  fliail  l»ere  lirli:  give  a  Ihort  \iew  of  the  province  of 
1  uoletti,  which  we  traverfed  in  our  way  from  the  fnow  moun- 
tains to  Tefiis.  At  about  the  diftanc'e  of  twenty-five  werfis 
irom  the  inow  mouiitains  the  country  beoins  to  be  exceed- 
ingly pleafant,  as  the  mountains  gradually  become  lovv-er,  and 
are  covered  with  wood  to  the  tops.  The  valley  aiona  the 
river,  which  forms  the  principal  paffare  from  Ka(Ii!i  to 
Xicorgia,  itill  groves  uider  the  nearer  itl:pproache3  the  ca- 
pital;  fo  that,  where  tiie  Aragui  diicharges  iifelf  into  the 
Ivur,  which  runs  through  I'efiis^  about  tAventv  werfts  from 
that  city,  the  breadth  of  the  \ alley  is  iTom  'five  to  k\ti\ 
werds.  In  other  places  its  b read ih"  varies  from  a  half  to  a 
whole  werlt,  and  is  every  where  interiperfed  with  the  molt 
beautiful  groves  of  beeches,  cheftnut,  apple,  and  pear-trees. 
Betvyeeu  thefe  fruit-trees  vines  fhoot  up,  and  tlie  brufh-wood 
is  of  iliat  kmd  generally  feen  in  Europe.  Throuo-h  th-is 
^voody  vale  the  Aragui  flows  in  diflereni  branches,  and  the 
route  in  winter  ancT  the  end  of  fammer  goes  through  the 
woods.     No  profpect  more  beaudful  can  be  conceived  than 

*  As  thcle  articles  were  tieftiiitd  as  a  prmlwt  to  an  taficra  prince  who 
ate  rice  with  his  hnnd,  it  does  not  appear  th^.'  -h:-  'vquIjI  Kixxq  been  <ji 
•much  u'e  ro  hira. 
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tWat  of  the  Dioiintains  on  each  iide  of  this  valley.  At  about 
tlic  half  of  their  height  lie  in  general  the  villages,  which, 
according  to  the  Aliatic  mode,  are  buitt  with  flat  roofs. 
Where  any  of  the  ]->rinces  refide,  the  village  is  furroundcd 
V  ith  a  high  wall,  (Irenirthencd  by  old  round  turrets.  In 
this  manner,  two  or  three  villages  often  lie  one  above  the 
other,  each  having  its  gardens  and  fields  laid  out  on  the  de- 
clivity of  the  mountain  ;  fo  that  it  api^iears  wonderful  how  it 
is  pofiible  to  cultivate  them.  Rivulets  everywhere  fall,  in 
the  form  ofcafcades,  from  the  rocky  brows  of  the  mountain  ; 
and  this  diRricf ,  in  an  amphithealrical  form,  extends  above 
fixtV  werfls  *  with  the  moft  agreeable  variety;  fo  that  a  more 
beautiful  laudfcape  can  hardly  be  found  cither  in  SwiiTerland 
or  Italy. 

When  compared  with  this  beautiful  neighbourhood,  Teflis, 
the  capital,  nsakes  a  very  poor  appearance.  It  is  about  eight 
werlls  in  circumference,  and  is  divided  into  two  parts  by  the 
river  Kur,  which  flows  through  it.  'ilie  principal  part  of 
the  town  lies  on  the  declivity  of  a  high  mountain,  which  ter- 
minates at  the  river  with  rocky  banks  of  from  eight  to  eleven, 
fathoms  in  heioht.  On  the  land  fide  it  is  inclofed  by  a  wall, 
buiit  in  the  old  form,  eis:ht  fathoms  in  heig-ht,  and  at  the 
cliifance  of  every  fifteen  fathoms  ftands  a  large  round  tov>er 
which  fupplies  the  place  of  a  baifion.  On  this  fide,  the  city 
has  three  jiates  ;  and  towards  the  mountain,  which  rifes  al- 
mo(t  perj)endicularly  behind  the  wall,  it  is  protefted  by  an 
old  cattle,  which  is  exceedingly  flrong,  and  which  exhibits 
the  true  old  method  of  building.  This  caftle  is  fituated  at 
the  elevation  of  at  lead  two  hundred  f^ithoms  above  the  level 
of  the  city.  The  other  part  of  the  city  is  connefted  with 
tlie  former  bv  means  of  a  wooden  bridge,  which  is  only 
twenty-five  fathoms  in  length;  as  the  river  Kur,  though  in 
other  places  from  a  hundred  to  two  hundred  and  eighty  fa- 
thoms in  breadth,  is  here  confined  on  both  fides  by  high 
rocky  banks,  fo  that  it  never  can  become  broader;  audits 
real  breadth  under  the  bridge  amounts  only  to  twenty  fa- 
thoms. This  part  of  the  city  is  fortified  in  the  fame  manner 
as  the  former,  and  contains  the  czar's  palace,  a  church,  and 
a  few  houfes  belonpino-  to  the  citizens.  In  the  whole  city 
there  are  leventcen  churches,  Georgian  and  Armenian,  with 
one  catholic  church  and  three  molques.  The  number  of 
the  houfes  in  proportion  to  the  extent  of  the  ground  is  very 
great,  as  the  breadth  of  each  houie  in  front  is  only  from  four 
to  twelve  fathoms.  They  are  all  irregularly  built;  fome  of 
them  ha^e  neither  windows  nor  chimneys,  as  the  flat  roof 

*  A  v.'c'.il  is  about  4200  Eni^lifh  feet. 
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has  In  tlie  middle  a  fort  of  cupola  with  a  round  aperture  in 
Jt,  which  ferves  both  to  admit  light  and  to  afford  a  paffage  Uy 
tlie  fmoke.  The  fire  is  made  in  the  middle  of  the  floor,  and 
round  it  are  tlie  lleeping;  places :  people  even  of  the  middle 
clafs  refide  in  honfes  of  this  kind. 

The  citv  is  interfecled  by  an  alloniriiiner  number  of  ftreets, 
fhort  and  crooked,  and  not  above  two  fathoms  in  breadth; 
one  principal  ftreet  orJv  which  is  capable  of  admitting  a  car- 
riage patTes  throuo-h  the  whole  citv.  In  mv  opinion  there 
is  not  a  dirtier  place  in  the  world  than  Teilis ;  for  when  the 
inow  falls  in  winter  if  lies  fometimes  on  the  flat  roofs  of  the 
houfes  to  the  depth  of  tw  o  or  three  feet,  and  is  thrown  down 
into  the  (treets  by  th':;  inhabitants  by  means  of  fhovels,  left  it 
Ihould  penetrate  into  the  houfes  by  its  melting,  which  gene- 
rally takes  place  very  foon.  As  the  Itreets  are  not  paved, 
this  fnovv  occafions  ib  much  dirt,  tliat  to  j^erfons  on  foot  they 
?.re  alnlofi:  impafTable.  Ecfidcs,  carrion  of  every  kind^  fuch 
a*i  dead  cattle,  iwine,  doos,  cat?,  and  tlie  like,  is  thrown  out 
into  the  ftreet?,  where  it  is  futfered  to  become  putrid.  Even 
clofe  to  the  czar's  palace  I  obfe:  ved  the  remains  of  a  dead 
^;ow,  which  emitted  an  intolerable  Itench,  and  would  have 
long  continued  a  nuil'ance  had  it  not  been  devoured  hv  the 
dogfi.  In  winter  the  (tench  is  not  fo  ofienfive  as  in  fummer 
during  tlie  great  hcat«,  when  itrang'Ts  are  almolf  fuffocated 
by  it :  and  on  this  account  it  is  very  furprifinfr  that  peftilen- 
tial  difeafes  are  not  as  prevalent  in  Teiiis  as  at  Conitantinople. 
Strangers  imn:icdiatelv  on  thetr  arrival  are  lenlible  of  tlie  im- 
purity of  the  air,  and  in  confcquence  of  it  arc  continualiy 
fick.  The  licalthieii  time  here  is  the  autumn,  becaufe  the 
ftrono-  winds  which  blow  then  from  the  mountains  purifv 
the  air  ;  hut  thev  would  produce  a  much  better  eflecl  if  the 
city  v.'cre  re2;ularlv  built,  for  at  prcfcnt  the  llrccts  are  too 
crooked  and  narrow  to  afibrd  it  a  t'v<j:(i  paflaee. 

The  czar's  palace  itand'i  un  trie  rocky  b.mk  of  the  river ; 
the  lowe;  part  of  it  is  built  of  fr,')ne,  the  upp"er  is  of  wood 
and  liuTounded  bv  a  gallery:  but  in  oilier  refpects  it  has  a. 
very  mean  appearance.  In  the  interior  part  it  exldbits  no- 
thinof  remarkable;  ail  its  ornaments  confift  merely  of  rich 
and  beautiful  carpetinn.  The  area  l-cfore  it  is  often  fo  co- 
vered with  dirt  that  it  is  impodiolc  to  approach  liie  palace. 
The  magnificence  of  the  court  is,  in  my  opinion,  much  in- 
ferior to  that  which  we  obferved  at  the  court  of  the  I'erliau 
chan  Achmet  Mehemet,  at  Eriwan;  who,  however,  is  fub- 
je6t  and  tributary  to  the  czar  of  Gc^^rgia,  To  dclcribe  the 
eticjuette  of  the  court  would  be  too  tedious  and  ridiculous: 
i  fiiali  therefore  only  obfcrve,  that  prince  Herac'iius  is  a  pru- 
dent. 
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dent,  intellicreiit,  nnd  courageous  man,  whofe  talents  are  dif-^ 
played  in  his  plivliofiruxaiv.  He  is  of  a  middle  ftuture,  and 
fllll  freili  and  M^orc-  .loi^  -h  feventv  years  old.  He  has  a 
great  many  children,  i  ^  tJ^cO:  ot  wii.- is  forty-nve  years 
of  age.  i  he  czar  is  ex'.eedingly  polite,  and  on  dav?  of  fef- 
tivitv  invitv\i  ai!  the  RuRir.n  oilicers  to  his  table.  I  had  twice 
this  honour.  We  were  i.-i  ed  m  the  Europe  in  manner  ;  the 
dilhes  howcv'^^r,  for  the  molt  part,  were  cooked  according  to 
the  xifiatic  talle,  out  excelleiil  ot  their  kind.  On  fiich  oc- 
cafions  the  czar  fits  at  table  as  the  Europeans  do,  but  in 
common  he  folic  vs  the  Afiatic  cuilom. 

The  czar's  co'.fort  and  the  prmcefles  often  appear  publicly 
onfedivals;  bul  fome  years  ago  they  were  more  referved, 
being  feldom  feen.    TiiC  chile. ren  are  all  (tout  a.nd  handfome. 

Of  the  Tartars  fubject  to  the  czar  of  Georgia,  and  who  are 
dillinguifhed  by  the  nam-:  of  Kafach^  I  obtained  at  Tefi:-  the 
following  inform  aioi. : — They  refide  on  the  rivers  Nacii.ityr, 
Tebete,  Kur,  Achvllaf,  Pambek,  and  Algete.  On  the  firft 
lie  kvtn  villages ;  on  the  feconV',  thirteen ;  on  the  thirt^.  five  ; 
on  the  fourth,  fifteen  ;  on  che  fifth,  eighteen  ;  and,  on  the 
fixth,  two.  Some  ofthcic  Tartars  are  of  the  fe6t  of  Omar; 
others  are  of  that  cf  Ali,  and  do  not  practife  circumcifion. 
Thev  acknowledge,  befides  the  Supreme  Beings  five  laints. 
David,  vvdio  had  a  hu^iJred  v^ives,  and  tnerefore  A^lahomet 
allowed  his  followers  to  have  the  fan.e  number;  Dfchebrail, 
who,  though  invilible,  excites  the  people  to  offer  up  their 
prayers  to  God ;  AJVail,  who  by  God's  connnand  fets  the 
foul  free  from  the  body ;  Michael,  who  weighs  the  fins  of 
the  dead,  and  fend?  then;  either  t(j  hell  or  to  paradife ;  and, 
in  the  lail  place,  Ifrafil,  who,  when  God  iliali  make  the  water 
like  the  earlii,  will  found  the  trumpet  to  call  the  dead  to 
judgment.  MahoQiet  thev  do  not  account  a  faint,  but  their 
]awgiver_,  who  h:is  commanded  them  to  pray  "i^i^Q  timt's  in 
the  twenty-four  hours,  and  to  implore  God  to  forgive  their 
fins:  to  purify  themfelves  before  prayer  bv  wafhing;  to  un^ 
dertake  a  pilgrimage  to  his  grave  when  poffii^le;  not  to  fi;eal ; 
not  to  work  on  Friday,  but  to  fafi: ;  to  obfervc  the  felt? vals,  &c. 

They  divide  the  year  into  twelve  months,  and  adign  to  the 
months  an  unequal  number  of  days,  whieh  vary  every  year 
except  for  the  month  Ramanai,  which  always  confifis  of 
thirty,  and  in  whieh  then*  principal  feltivals  fall.  Their 
week  has  feven  days,  and  begins  w*ith  Friday,  which  they 
call  Dfchuta:  tlie  reft  are,  Dfchuta-Erteili,  Bafar,  Bafar- 
Ertcffi,  Chas,  ITeharfchembe,  Perfciiembc.  They  have 
tiirce  grand  fefiivals.  The  firli  is  in  the  month  Ramafan  j 
^ic  fccond  is  called  Kurban,  and  the  third  Naurus-Bairam. 

Their 
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Their  great  falls  in  Ramafim  are  obferved  fo  ftriclly,  that  they 
fpend  whole  days  in  prayer,  and  tafte  no  food  till  the  evening. 

At  their  marriages  no  other  ceremonies  are  ul'ual  than,  at 
the  time  of  the  betrotiiincr,  the  male  and  female  friends  af- 
fcmble  at  the  houfe  of  the  bride,  and  ling  from  morning  till 
night,  dance,  and  make  merrv,  till  the  wedding  day  ;  after 
which  they  fpend  three  more  davs  in  a  fimllar  manner.  At 
the  birth  of  a  child,  the  midwife,  after  it  has  been  waflied, 
befprinkles  it  with  fait  water,  and  gives  it  any  name  Ihe 
thinks  proper.  A  woman,  after  deliverv,  is  accounted  un- 
clean for  forty  davs ;  during  which  flie  muft  neither  fleep 
with  her  huiband,  pray  in  the  church,  nor  perform  any  do> 
nieftic  office.  Marriage  is  forbidden  only  between  the  firft 
degrees  of  confang:uinity,  fuch  as  that  of  brother  and  filter; 
in  all  other  degrees  it  is  permitted.  A  man  may  keep  as 
many  wives  as  he  choofes  :  the  firft  mufi:  always  be  a  maid, 
but  the  reft  may  be  widows.  If  a  married  woman  is  guilty 
of  adultery,  the  huPoand  has  a  right  to  put  her  to  death,  as 
well  as  the  adulterer.  If  a  hufband,  however,  is  unfaithful^ 
the  wife  has  no  refource.  IMen  are  accounted  fit  for  marriage 
from  the  age  of  fifteen  to  fifty,  and  women  from  that  of  twelvt; 
to  forty.  If  a  man  loies  all  aiTcclion  for  his  wife,  he  may 
give  her  a  letter  of  divorce  and  fend  her  away  ;  but  a  woman 
cannot  feparate  from  her  hufband  without  his  confent. 

lliey  bury  their  dead  in  the  following  manner  : — Thebbdv 
is  wailicd,  and  a  mullah,  or  prieft,  is  fentfor  to  accompany  it 
to  the  grave;  the  mullah  then  recites  fome  prayers,  and  the 
body  being  depofited  in  the  grave  the  relations  cover  it  with 
earth.  The  relations  do  not  return  to  the  houfe  of  the  de- 
ceafed  for  three  days,  but  at  the  expiration  of  that  period 
thev  prepare  an  entertainment  in  honour  of  his  memorv ; 
and  this  feftival  is  repeated  on  the  feventh,  and  again  on  the 
fortieth  dav. 

During  nine  months  of  the  vear  thefe  people  remain  fla- 
tionarv  in  their  villages;  but  after  the  firft  of  July  thev  retire 
with  their  cattle  to  the  river  Tebele  among  the  mountains, 
where  they  lead  a  wandering  life  till  the  firft  of  October.  To 
the  flefli  of  deer,  fwine,  and  horfcs,  thev' have  an  averfion. 
Their  language  is  a  fomewhat  corrupted  dialect  of  the  Tartaric. 

A  kind  of  borax,  brought  from  Akalzi  and  Wan,  is  fold 
at  Teflis,  for  the  ufe  of  the  goldfmiths,  under  the  name  oi 
bo7-a  *.  At  Oldi,  near  the  former  of  thefe  places,  about  three 
da\s  journey  from  Teflis,  and  at  Bajalid,  near  the  latter, 
there  are  faid  to  be  fprings,  the  water  of  which  is  greeniHi, 

'*•  This  is  the  impure  mineral  lixivious  h\l  defcribed  by  Model  Uidfr 
the  name  of  Ihl  Vojitum. 
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It  is  collefted  in  (lone  cifterns,  where  it  is  fuffered  to  remain 
three  or  four  months  with  diavings  of  leather,  blood,  and  urine, 
till  it  becomes  putrid;  after  which  it  is  clarified,  and  boiled 
in  copper  kettles.    A  concrete  fait  remains,  whicli  is  the  hora. 

After  a  refidence  of  almoft  three  weeks  at  Teflis,  during 
which  time  we  put  our  equipage  again  into  order,  and  pur- 
chafed  frefli  cattle,  we  fet  out  on  the  I2ih  of  February,  the 
weather  being  then  as  mild  as  it  is  at  Pcterlburiih  in  the 
ipring.  In  general,  ice  is  feldom  feen  in  the  neighbourhood 
of  Teflis ;  and  the  weather  in  winter  is,  for  the  moil  part, 
rainy.  Some  opinion  refpecting  tlie  climate  of  this  country 
may  be  formed  from  the  fruit-trees,  fuch  as  the  pomegranate- 
and  fig-tree,  which  grow  here  in  the  open  air  in  all  the 
gardens,  and  yet  never  fulfer  from  the  froft. 

We  had  to  repafs  the  mountains,  but  the  road  now  was 
not  fo  dangerous.  On  the  17th  we  arrived  at  the  bottom  of 
tb.at  height  called  the  Bambakfche  ridge.  During  thefe  five 
days  we  had  an  agreeable  journev  through  a  beautiful  dillri«:l: 
every  where  interfecied  by  fmall  (treams,  and  covered  with 
fruit-trees  of  every  kind.  The  inhabitants  of  this  agreeable 
diftri^t  are,  however,  much  to  be  pitied,  as  thev  are  conti- 
nually expofed  to  the  depredations  of  the  Lefghinians.  In 
the  courfe  of  one  day's  journey  we  faw  thirteen  villages 
which  thefe  plunderers  had  deftroved.  To  fuch  fcenes  of  de- 
vaftation  the  Georgians  are  often  expofed,  as  the  Lefghinians 
refide  in  the  mountains  between  Kachet  and  Dageftan,  and 
are  exceedingly  numerous  and  warlike.  The  pacha  of  Achal- 
ziche  every  year  takes  from  two  to  three  thoufand  of  thefe 
people  into  his  fervicc,  but  gives  them  little  pay,  as  they  re- 
ceive permiflion  from  him  to  indemnify  themfelves  in  their 
march  by  what  they  can  plunder,  To  flrengthcn  this  corps 
he  unites  with  them  fome  Turkidi  troops.  Some  time  ago, 
when  three  com})anies  of  our  chafieurs,  under  the  command 
of  major  Sengenberg,  defeated  the  Lefghinians,  of  the  two 
thoufand  killed,  one-ha'f  ahnoft  were  Turks.  On  another- 
occafiou,  when  four  hundred  remained  on  the  field  of  battle, 
twenty  Furks  and  two  of  their  ftandards  were  brought  into 
Teflis.  Since  that  period  the  Lefghinians  have  been  afraid 
of  our  chafieurs;  but  the  two  battalions  which  we  main- 
tained in  Georgia  were  not  fuflicient  to  defend  it  from  thefe 
robbers*. 

On 

'•'•  Since  th-tt  period  Georgia  has  been  annexed  to  the  Rufllan  empire. 
The  reall-.ns  which  produccrl  this  event  will  be  fount  1  in  the  following  ex- 
tract of  a  letter  from  Peroril)r.ri;h,  dated  October  30.  iSor  : 

"  The  mmifjito  by  which  his  Imperial  Maisft)'  declares  that  Georgia, 
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On  the  i8th  our  road  lay  over  the  cold  fnow  mountains 
from  Bamback.  We  were'  ftill  eighty  werfts  from  the  firft 
Perfian  town  Eriwan,  and  had  afcended  the  ridge^  which 
extends  fixty  werfts,  when  all  of  a  fudden,  after  having  tra- 
velled five  werfts,  we  were  aflailed  by  a  violent  wind,  which 
accumulated  the  fnow  in  heaps  before  us;  fo  that  we  were 
obliged  to  return,  to  avoid  being  buried  alive:  a  cataftrophe 
which  whole  caravans  fometimes  experience  among  thefe 
mountains,  as  they  muft  travel  here  fixty  werfts  without 
finding  any  village  or  place  of  ilielter,  and  confequently  can 
hope  for  no  aftiftance  when  overtaken  by  a  fnow  ftorm. 

On  the  19th  of  February  we  purfued  another  route,  in 
order  to  avoid,  in  fome  meafure,  the  fnow  mountains.  This 
route  however  was  full  150  werfts  longer,   and  exceedingly 

called  bv  the  Ruffians  Grufinia,  is  unircd  to  the  crowp-,  gives  an  account 
of  the  motives  that  determined  this  meaiure.  The  lovereigns  of  Rulha 
have  always  confidered  it  as  a  duty  to  protetl  that  frare  :  the  withdrav/ing 
of  the  Rnihan  troops  from  it  had  occalioned  every  k}nd  of  dilbider,  and 
civil  war  had  often  burft  forth.  The  barbaro-as  tribes  by  whom  it  is 
furrounded,  threatened  it  on  every  fide  \  and  without  the  R-ulfians  ii  was 
impoffible  to  reprefs  the  banditti  of  Mount  Caucafus.  When  the  emperor 
Alexander  afcended  the  throne,  he  found  Georgia  united  to  the  crown,  in 
confequence  of  a  manifelto  dated  January  18,  iSoi.  However,  as  the 
Ruliians  had  produced  tranquillity  in  it,  the  emperor  v.'as  dclirous  cf  trying 
to  reftore  to  it  its  independence  ;  but  this  country  had  again  to  dre.iJ  the 
vengeance  of  thofc  wlio  had  been  excluded  fiom  the  fovereignty — it  was 
threatened  with  a  new  civil  war.  The  prince  by  whom  it  was  governed 
could  not  fecure  it  either  internally  or  externally,  and  to  all  thefe  cir- 
cumftances  was  added  the  wifti  of  the  Georgians  themfelves.  '  Your 
hopes  this  time,'  faid  the  emperor  to  them,  '  fl^all  not  be  dtceived.  It 
is  not  to  increafe  my  power  ;  it  is  not  for  interefl ;  it  is  not  to  extend  the 
boundaries  of  an  empire  already  fo  extenfive,  that  we  have  taken  upon  us 
the  government  of  Grufmia  :  cur  dignity  alone,  our  honour  and  humanity, 
impofe  on  us  the  fp.cred  obligation  of  liftening  to  the  voice  of  ihole  who 
fuifer;  and  to  eflablilh  in  Grul'mia  a  juft  government,  which  may  enfure 
the  fnfety  of  perfons  and  property,  and  the  protecting  force  of  the  law.' 

"  Thefe  arc  the  intentions  of  our  auguft  monarch.  The  produce  of  the 
taxes  of  Georgia  will  not  go  out  of  the  country  ;  it  will  be  confecrated  to 
the  fupport  of  government,  to  the  reparation  of  towns  and  villages  ruined 
by  inteftine  war,  and  to  the  relief  of  the  inhanitants.  Each  will  be  main- 
tained in  his  rigl;ts,  and  in  the  exercife  of  his  religion.  The  children  of 
the  princes  will  retain  their  eftates,  and  m?y  live  where  they  p'eafe.  Lieu- 
tenant-general Knorring,  a  native  of  Georgia,  will  be  charged  with  the 
government  \  and  in  order  that  he  m,ay  carry  into  effeft  the  inftruci:ions  of 
the  emperor,  he  will  aflociate  with  him  orher  perfons  born  in  the  country. 
All  the  Georgians  will  rake  an  o.^th  of  fidelity  to  their  new  fovereign,  ard 
the  ecclefiaftics  and  paftors  will  be  the  iirft  to  give  this  example  of  fub- 
milhon. 

"  His  raaji-ftv  concludes  with  exprcffing  an  ardent  wifli  that  p^ace  and 
juftice  may  prevail  in  the  country  ;  that  an  end  may  be  put  to  acts  of  vio- 
lence }  and  that  agriculture,  induftry,  commerce,  and  manufaftures,  may 
revive,  under  the  proteciion  of  the  new  hws,  eq^ual  to  all.'' — Edit. 

P  X  dangerous^ 
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dangerous,  as  we  were  obliged  to  pafs  very  near  the  Turklfii 
borders,  which  are  generally  infefted  by  the  Lefghinians. 

On  the  23d  we  arrived  at  the  village  of  Talin,  which  be- 
lono;s  to  Armenia  the  Lefs.  Scarcely  had  we  eot  to  our 
lodp-ino-  when  intcllio;ence  was  received  that  20CO  Lefohinians 
had  crolfed  the  river  behind  us,  and  attacked  a  village  which 
we  pafled  a  little  time  before.  Had  we  fallen  in  with  thcfe 
people  on  the  road,  our  filver  plate  muft  have  been  loft. 

On  the  24th  we  came  to  the  celebrated  Armenian  monaftcrv 
ofVv'eds,  or  Edfch-mijazin  (feven  churches),  which  is  called 
alfo  the  ]Monaftery  of  Ararat,  where  the  Armenian  patriarch, 
the  chief  of  the  ecclefiafiical  eftablifhment  of  that  country,  has 
his  refidence.  Here  we  were  received  with  great  hofpitality, 
lodged  in  an  elegant  apartment,  and  waited  on  with  great 
attention.  Next  day  I  made  a  drawing  af  the  monaltery, 
together  with  Mount  Ararat  and  the  neighbouring  country; 
which  pleafed  the  patriarch  fo  much  when  fiiown  to  him 
by  our  commanding  officer,  that  he  requeiled  nie  to  make  a 
copy  of  it  for  him,  and  to  encourage  me  to  do  fo  he  gave  me 
a  confiderable  prefent. 

This  monaftery  is  faid  to  have  been  built  upwards  of  i^oo 
rears  airo,  in  the  reign  of  an  Armenian  king  named  Tartat:  and 
bevond  all  doubt  it  is  one  of  the  richeft  in  the  world,  as  it  re- 
ceives a  irreat  income  from  the  Annenians  fcattered  throughout 
Turkey,  Perfia,  Georgia,  and  even  Europe;  above  8co  pea- 
fants  alio  belong  to  it,  and  a  large  tra6t  of  land,  on  which 
3C0  head  of  cattle,  100  horfes,  and  50  camels,  are  kept  for 
the  purpofes  of  agriculture.  When  the  patriarch  dies,  a  new 
one  is  chofen  from  their  fvnod  ;  and  an  account  of  this  choice 
is  then  tranfmitted  to  theTurkidi  fultan,  the  czar  of  Georgia, 
and  the  chan  of  Ifpahan.  The  number  of  the  monks  amounts  to 
T20,  who  are  lodged  in  the  monaftery,  where  they  enjoy  every^ 
convenience.  Travellers  are  lliown  here  a  fragment  of  Noah's 
ark,  which  a  monk  is  faid  to  have  obtained  from  an  angel. 
This  monk  had  refolved  to  afcend  to  the  fummit  of  Mount 
Ararat,  where  the  ark  refted;  but  he  was  prevented  by  the 
Deity,  who  fent  an  anoel  to  convey  him  back;  and  the  angel, 
to  confole  him  for  this  "difappointment,  brought  him  this 
fragment,  refpefting  which  manv  other  wonderful  ftories  are 
told. 

On  the  2(5th  we  continued  our  journey  to  Eriwan,  which 
is  only  fifteen  wcifts  diftant  from  the  monaftery.  This  city 
lies  in  a  fruitful  valley  on  the  river  Sangintfchey,  at  the  bot- 
tom of  the  fnow  miOuntains.  It  is  fortified  by  a  double  wall, 
furniflied  with  a  great  many  round  towers  at  the  didance  of 
fifteen  fathoms  from  each  other,  and  each  mounted  with 
o.  four 
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four  cannon  :  mortars  alfo  are  planted  on  the  edge  of  the 
ditch  by  which  the  city  is  furrounded.  The  city  has  only 
one  gate,  and  would  be  a  place  of  ftrength  if  its  fituatioti 
were  more  advantageous.  One-half  of  it  is  furrounded  by 
mountains  within  cannon  fliot ;  but  on  the  foulh  fide  it  is 
.protected  by  infuperable  rocks,  which  extend,  almoft  perpen- 
dicularly, ta  the  banks  of  the  river  Sangin.  The  houles 
are  in  the  fame  ftvle  of  architcchire  as  thofe  of  Tcflis. 

The  chan,  Achmet  ^Mehemet,  was  about  ten  years  of  age, 
and  fuccecded  his  brother,  who  had  been  aflaflinatcd  in  the 
ftreets  about  a  year  before.    The  diftricl  belonging  to  Eriwaii 
forms  a  great  part  of  Armenia  the  Lefs  :  it  is  exceedingly  fer- 
tile,  and   brings  to  the  chan  a  confiderable  income;   from 
which,  however,  he  muft  pay  a  tribute  to  the  czar  of  Georgia. 
On  the  2/ th  our  colonel  paid  a  vifit  to  tlie  chan,  all  of  us 
accompanying  him   in  great  parade  on  horfeback.     When 
we  arrived  at  the  court  of  the  palace  we  all  dii'mounted,  the 
colonel  excepted,  who  rode  up  to  the  palace,  where  he  was 
received  bv  one  of  the  chan's  vaiTliIs,   u  ho  conducled  him 
into  tlie  hall  of  audience,  to  which   all  the  officers  followed 
him.     Chairs  covered  with   red   cloth  were   handed   to  us 5 
after  which  we  were  prefented   with   coifee,   tea,  and  fweet- 
meats ;   and  then  with  the  kallian,  a  kind   of  machine  ufed 
for  fmokin;^  tobacco   throuo-h  water.     The  audience  laded 
abbut  half  an  hour,  duriiig  which  the  chan  fpoke  verv  little^ 
and  of  courfe  we  had  no  opportunity  for  much  converfation. 
When  the  audience  was  ended,  we  returned  to  our  lodo;incrs 
m  the  chan's  fummer  palace.     The  ftreets  through  which  we 
palTed  were  fo  full  of  people,   that  it  was  with  difficulty  we 
could  get  along. 

On  the  lit  of  ^Nlarch  we  continued  our  journey  towards 
Nachtfchiv.-an,  the  capital  of  Armenia;  but  when  we  arrived 
at  Derwifchlar,  tixty-nine  werfts  from  Eriwan,  we  were 
•obliged,  on  account  of  the  danger  of  the  road,  to  return  to 
Eriwan,  as  the  Curds  along  the  river  Aras  were  in  a  date  of 
infurreition,  and  had  already  committed  many  acts  of  rol)- 
berv.  Thefe  Curds  are  a  people  nearlv  in  a  favage  date,  who 
4ead  a  roving  life  among  the  mountains.  Their  habitations 
confid  of  a  kind  of  half  tent  made  of  a  fort  of  hair  cloth, 
and  which  has  a  refemblance  to  a  piquet  tent.  Such  tents 
are  inhabited  by  whole  fanulles.  They  live  chiefly  on  vege- 
tables, and  their  drefs  is  Turkifn. 

On  the  4th  we  arrived  again  at  Eriwan,  where  we  ftaid  till 
the  18th,  when  we  fet  out,  under  the  efcort  of  150  men,  for 
Nachtfchiwan,  which  we  reached  on  the  soth  of  Alarch. 

P  3  XXXIX.  Ac- 
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HEN  the  mawfkin  comes  from  the  butcher,  the  chylv 
matter  is  taken  out,  and  the  fl:in  cleaned  from  flime  and 
every  apparent  impurity,  by  wiping  or  gently  wsifliing.  The 
fkin  is  then  filled  nearly  full  of  fait,  and,  placing  a  layer  of 
fait  upon  the  bottom  of  a  mug;,  the  fkin  is  laid  flat  upon  it : 
this  mug  is  large  enough  to  hold  three  (kins  in  a  courfe  :  each 
courfe  of  fkins  fliould  be  covered  with  fait;  and  when  a  fuffi- 
cient  number  of  fl;ins  are  thus  placed  in  the  mug,  that  mug 
fliould  be  filled  up  with  fait,  and,  with  a  difh  or  flate  over  it, 
be  put  in  a  cool  place,  till  the  approach  of  the  cheefe-making 
fcaibn  the  following  year.  The  fkins  are  then  all  taken  out 
and  laid  for  the  brine  to  drain  from  them  ;  and  being  Ipread 
upon  a  table,  they  are  powdered  on  each  fide  with  fine  lalt, 
and  rolled  fmooth  with  a  pafte  roller,  which  prefles  in  the 
fait.  After  that,  a  thin  fplint  of  wood  is  liiuck  acrois  each 
of  them  to  keep  them  extended  while  they  are  hung  to 
Jrv.  Take  all  the  maw  fkins  provided  for  the  fcafon,  pickled 
And  dried  as  before;  put  them  into  an  open  veflel  or  vclTels, 
and  for  each  fkin  pour  in  three  pints  of  pure  fpring  water. 
Let  them  ftand  twenty-four  hours,  then  take  out  the  Ikins, 
put  them  into  other  veflels  ;  add  for  each  one  pint  of  fpring 
vater,  let  them  ftand  for  tuenty-four  hours  as  before.  On 
taking  the  fkins  out  the  fecond  time,  gently  llroke  them 
down  with  the  hand  into  the  infufion.  The  fkins  are  then 
done  with.  jSlix  ihofe  two  infufions  together,  pais  the  liquor 
through  a  fine  linen  fieve,  and  add  to  the  whole  a  quantity  of 
fait,  rather  more  than  is  lufficiLnt  to  faturate  the  water;  that 
is  to  fav,  until  a  portion  of  the  fait  remains  undiflblved  at  the 
bottom  of  the  velfel.  The  next  dav,  and  alio  the  iummer 
through,  the  fcum  as  it  rifes  is  to  be  clearly  taken  off;  and 
as  the  liquor  Ihould  not  be  fuffered  to  remain  without  a  por- 
tion of  undiffolved  I'alt  at  the  bottom,  it  will  be  neceirary  to 
add  frequently  frefli  fait,  as  that  which  was  difiiblved  will 
gradually  form  itfelf  into  crvfials,  and  be  taken  off  with  the 
riling  fcum.  Somewhat  lefs  than  a  wine  half-pint  of  this 
preparation  will  be  generally  hvfficient  for  60  lbs.  of  cheefe. 
Whenever  any  of  this  liquid  is  taken  out  for  uie,  the  whcjle 
Ihould  be  well  fiirred  up. 

■*  From  the  Agricultural  Report  of  that  County. 
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Colouring  for  the  ChefJnre  Checfe. 

The  colouriniT  for  cheefe  is,  or  at  leail  (hoiild  be,  Spanifli 
aniiotta;  but  as^  loon  as  colouring  became  general  in  this 
countrv,  a  colour  of  an  adulterated  kind  was  expoled  for  lale 
in  ahn'oft  evcrv  iliop :  the  weight  of  a  guinea  and  a  half  of 
real  Spanilh  'annotta  is  fufficient  for  a  cheefe  of  60  lbs. 
weight.  If  a  confiderable  part  of  the  cream  of  the  night's 
milE  be  taken  for  butter,  more  colouring  will  be  requifite. 
The  leaner  the  cheefe  is,  the  more  colouring  it  requires.  The 
manner  of  ufinor  annotta  is,  to  tie  up  in  a  linen  rag  the  quan- 
titv  deemed  fufficient,  and  put  it  into  half  a  pint  of  warm 
water  over  night.  This  mfufion  is  put  into  the  tub  of  milk 
in  the  mornmg  with  the  rennet  infulion ;  dipping  the  rag 
into  the  milk,  and  rubbing  it  againft  the  palm  of  the  hand 
as  long  as  any  colour  comes  out. 

Setting  the  Cheefe  together. 

It  is,  we  believe,  generally  admitted,  that  not   only  the 
quantity,   but  the  qualitv  of  the  curd,   as  to   texture,    viz. 
toushnefs  or  othcrwife,  depends  in  a  great  meafure  upon  the 
length  of  time  the  cheefe  is  in  coming;  and  that  the  time, 
aeam,  depends  on  the  quantity  and  ftrength  of  the  coaguluni 
ufed,  the  ftate  of  the  atmofph'ere,  and  the  heat  of  the  milk 
when  put  together.     In  this  ftage  of  the  art,  where  a  degree 
of  accurate  certainty  fecms  to  b"e  required,  there  is  no  oTher 
guide  but  the  hand  'and   the  external  feelings :  the  thermo- 
meter of  a  Cheihire  dairy-woman  is  conftantly  at  her  fingers' 
ends:  accordindv  the  heat  of  the  milk  when  fet,  is  endeavoured 
to  be  recrulated^by  the  fuppofed  warmth  of  the  room  and  the 
heat  of  tlie  external  air ;  having  reference  alio  to  the  quantity 
and  flrenuth  of  the  ilecp,  fo  that  the  mi:k  may  be  the  proper 
lencrth  of^time  in  fufficicntly  coagulating,  which  is  generally 
thought  to  be  about  an  hour  and^a  halfr  The  evening's  milk 
offuppofe  twentvcows  having  ftood  all  the  night  in  the  cooler 
and  brals  pans,  the  cheefemaker  in  fummer,  about  fix  o'clock 
in  the  moinincr,  carefully  flvims  the  cream  from  the  whole  of 
it,  obfcrvino;  In-ft  to  take  off  all  the  froth  and  bubbles,  which 
m'ay  amount  to  about  a  pint;  this,  not  being  thought  proper 
to  be  put  into   the  cheefe,   goes  to  the  cream-mug  to  be 
churned  for  butter ;  and  the  reft  of  the  cream  is  put  mto  a 
brafs  pan.     While  the  dairy-woman  is  thus  employed,  the 
fervants  are  milking;  the  cows,  having  previoutly  lighted  a 
fire  under  the  furnace,  which  is  half  full  of  water.     As  foon 
as  the  nicht's  milk  is  fkimmed,  it  is  all  carried  to  the  cheefe- 
tub,  except  about  three-fourths  of  a  brafs  pan  full;  viz.  three 
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or  four  gallons,  which  is  inimediately  placed  in  the  furnace  of 
hot  water  in  the  pan,  and  is  made  fcalding  hot  ',  then  half  of 
the  milk  thus  heated  in  the  pan  is  poured  alfo  into  the  cheefe- 
tub,  and  the  other  half  is  poured  to  the  cream,  which,  as 
before  obferved,  is  fkimnied  into  another  brafs  pan.  By  this 
means  all  the  cream  is  liquefied  and  diffolved  fo  as  apparently 
to  form  one  homogeneous  or  uniform  fluid,  and  in  that  ftate 
it  is  poured  into  the  cheefe-tub;  but  before  this  is  done  fc- 
veral  bowls  or  veifels  full  of  new  milk  will  generally  have  been 
poured  into  the  cheefe-tub,  or  perhaps  the  whole  morning's 
milk.  Care  is  taken  to  fkim  off  all  the  air-bubbles  which 
mav  have  formed  in  pouring  the  new^  milk  into  the  cheefe- 
tub. 

The  rennet  and  colouring  beino;  put  into  the  tub,  the  whole 
is  well  Itirred  together,  a  wooden  cover  is  put  over  the  tub, 
and  over  that  is  throw^n  a  clean  linen  cloth.  The  ufual  time 
of  coming  is  an  hour  and  a  half,  during  which  time  it  is  to 
be  frequently  examined  :  if  the  cream  riles  to  the  furface  be- 
fore the  coming  takes  place,  as  it  often  does,  the  whole  mud 
be  ftirred  together,  fo  as  to  mix  again  the  milk  and  cream, 
and  this  as  often  as  it  rifes,  until  the  coagulation  commences. 
A  few  fmart  ftrokes  on  different  lides  of  the  tub  with  the 
cheefe-ladder,  8cc.  will  forward  the  coagulation,  if  it  is  found 
too  lonn;  in  forming.  If  the  dairy -woman  fuppofes  the  milk, 
&c.  to  be  accidentally  put  together  cooler  than  {he  intended, 
or  that  its  coolnefs  is  the  caufe  of  its  not  coming,  hot  water 
or  hot  milk  may  be  pOured  into  it,  or  hot  water  in  a  brafs 
pan  may  be  partiailv  immerged  therein  :  but  this  rvA\{\  be 
done  before  it  is  at  all  coagulated  ;  for,  after  that  takes  place, 
though  but  imperfectly,  it  mufl:  not  be  tampered  with  fo  as 
to  break  the  forming  curd,  for  a  confiderable  part  of  the 
cream  would  thereby  be  directed  into  the  whey,  and  the 
quantity  of  curd  much  leffened.  Before  the  coagulation 
takes  place,  an  additional  quantity  of  rennet  may  alfq,be  put 
in,  if  thought  neceffary  ;  but  this  will,  after  coagulation,  be 
added  with  little  effe6l,  as  no  means  can  be  ufed  to  mix  it  with 
the  whole  mafs  without  difturbing  the  forming  curd.  If  the 
cheefe  has  been  fet  together  hotter  than  it  was  meant  to  be, 
the  oppofite  means,  under  the  fame  precautions,  may  be  re- 
curred to.  But  the  more  general  practice  is,  to  fuffer  the 
procefs  to  proceed  hot  as  it  is,  until  the  firft  quantity  of  whey 
is  taken  off^  a  part  of  which,  being  fet  to  cool,  is  returned 
into  the  tub  to  cool  the  curd.  When  the  cheefe  happens  to 
come  much  fooner  tFian  a  proper  time,  owing  to  loo  great  a 
degree  of  heat  in  the  milk  in  fetting  or  putting  together,  or 
too  great  a  flrength  of  iteep,   there  is  lefs  curd^  and  it  is  con- 
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fiderably  toufiher  than  when  the  milk  has  been  fet  cooler  to- 
gether than  ufual,  or  when  too  little  iteep  has  been  ufed. 
In  the  latter  cafe,  the  curd  is  exceedingly  tender :  and,  when 
that  fo  happens,  a  part  of  the  whey  is  taken  out  of  the  clieefe- 
tub,  and  heated  as  much  as  may  be  thought  fufficient  to  give 
to  the  curd,  when  mixed  with  it,  a  proper  degree  of  tough- 
nefs.  In  an  hour  and  a  half,  as  mentioned  before,  if  all  goes 
on  well,  the  coagulation  will  be  formed.  This  point  is  detei'- 
mined  by  gentlv  prefling  the  furfacc  of  the  milk  with  the 
back  of  the  hand. 

breaking  down  the  Curd,   Gathering,  ^c. 

If  the  milk  has  been  fet  together  verv  warm,  the  curd,  as 
before  obferved,  will  be  firm  :  in  this  cafe,  the  ufual  mode  is 
t<3  take  a  common  cafe  knife,  and  make  incifions  acrofs  it  to 
the  full  depth  of  the  knife's  blade,  at  the  diltance  of  about 
one  inch ;  and  again  crofsways  in  the  fame  manner,  the  in- 
cifions interfecting  each  other  at  rioht  angles.  The  whey 
rifing  through  thefe  incifions  is  of  a  fine  pale-green  colour. 
The  cheefe-maker  and  two  afilllants  then  proceed  to  break 
the  curd;  this  is  performed  by  their  repeatedlv  putting  their 
hands  down  into  the  tub,  the  cheefe-maker  with  the  fkim- 
ming-diih  in  one  hand  breaking  every  part  of  it  as  they  catch 
it,  raifing  the  curd  from  the  bottom,  and  ftill  breaking  it. 
This  part  of  the  bufinefs  is  continued  till  the  whole  is  broken 
uniformly  fmall :  it  generally  takes  up  about  forty  minutes, 
and  the  curd  is  then  left  covered  over  with  a  cloth  for  about 
half  an  hour  to  fubfide.  If  the  milk  has  been  fet  cool  together, 
the  curd,  as  before  mentioned,  will  be  much  more  tender, 
the  whey  will  not  be  fo  ereen,  but  rather  of  a  milkv  appear- 
ance. The  cheefe-maker  in  this  cafe,  inftead  of  the  knife, 
has  recourfe  to  the  Ikimniing-difli,  the  eda'e  of  which  fhe 
holds  perpendicular  to  the  furiace  of  the  whey  in  the  tub, 
and  dips  it  gently  an  inch  or  two  into  the  curd,  turning  it 
over,  until  the  whole  furface  is  thus  turned.  The  breakino- 
tlien  proceeds  as  before  ;  but  a  cautious  and  gentle  mode  of 
doing  it  is  more  necefikry  than  in  the  former  cafe.  Rather 
more  time,  of  courfe,  is  necellary  for  breaking  down  a  cold 
than  a  hotcheefe;  but  when  fufiiciently  broken,  it  is  cover-.-d 
over,  and  left  to  fubfide  as  before.  After  ftanding  about  half 
an  hour,  as  much  whey  is  taken  out  of  the  tub  into  the  brals 
pans  as  conveniently  may  be,  without  taking  any  of  the  curd 
with  it.  The  bottom  of  the  tub  is  now  fet  rather  a- tilt,  the 
curd  is  collected  to  the  upper  fide  of  it,  a  board  is  introduced 
of  a  femicircular  form  to  fit  loofely  one-half  of  the  tub's  bot- 
tom.    This  board  is  placed  on  the  curd,  and  a  60  lb.  weight 
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r.poii  it,  to  prefs  out  the  wliev,  which  draining  to  the  lower 
iidt-  oi'  the  tilted  tub,  is  ladtd  out  into  brais  pan^.  Such 
parts  of  the  curd  as  are  prcUed  from  under  the  board,  are  cut 
off  with  a  knife,  placed  under  the  weighted  board,  and  again 
prefled.  This  is  repeated  again  and  again,  the  w-hev  being 
conftandy  laded  out  as  it  drains  from  the  curd.  The  whole 
mafs  of  curd  is  then  turned  upfide  down,  put  on  the  other 
fide  of  the  tub,  again  prelfcd,  pared,  and  preffed  as  before. 
.  The  board  and  weight  being  removed,  the  curd  is  cut  into 
feveral  pieces  of  about  eight  or  nine  inches  fquare,  piled  upon 
each  other,  and  prcffed  with  the  board  and  weight,  repeating 
the  cutting  and  piling,  as  long  as  any  whey  drains  from  it. 
It  fcarcely  neejJ.  be  added,  that  the  more  gently  the  whole  of 
the  bufinefs  in  the  tub  is  performed,  the  more  perfect  will  be 
the  leparation  of  curd  and  whey. 

The  next  thing  is  to  break  the  curd  in  a  brafs  pan.  After 
being  preilcd  in  the  tub  as  long  as  any  confiderable  quantity 
of  whey  drains  from  it,  the  curd  is  cut  into  nearly  three 
equal  portions'  one  of  which  is  taken  into  a  brafs  pan,  and 
is  there,  by  two  women,  broken  exceedingly  fine.  As  foon 
•as  it  is  coarfeiv  broken,  a  large  handful  of  fait  is  added, 
which  in  the  fubfequent  breaking  is  well  mixed  with  the 
_curd  ;  that  portion  of  curd,  being  fnfficiently  broken,  is  put 
jnLo  a  cheefe-vatj  which  is  placed  to  receive  it  on  a  cheefe- 
ladder  over  the  checfe-tub  :  the  vat  is  cencrallv  furnilhed 
with  a  coarfe  cheefe-cloih.  The  fecond  and  third  portions 
of  tlie  curd  are  treated  in  the  fame  manner,  and  emptied  into 
the  vat ;  fometiuies  live  or  fix  times  the  quantity  of  fait  is 
added  to  the  middle  portion  of  the  curd  ;.  others  fait  all  ahke. 
The  breaking  takes  up  more  or  lefs  time  as  the  cheefe  was  fet 
together  hotter  or  colder  j  half  an  liour  is  perhaps  the  longelt 
time. 

Thrufting  or  H.:nd-prcjjing  the  Chcefc  into  the  Vat. 

The  curd,  when  put  into  the  cheefe-vat  in  its  broken  flate, 
is  heaped  above  the  vat  in  a  conical  form,  to  prevent  it  from 
cr.uni)ling  down  ;  the  four  corners  of  the  cheefe-clotli  are 
turned  over  it,  and  three  women,  placino;  their  hands  againii; 
the  conical  part,  gentlv  but  forciblv  prefs  it  in  nearly  a  ho- 
rizontal direc^fion,  conftantly  fliifling  their  hands  wlien  any 
portion  of  the  curd  is.itarting  from  the  mafs,  and  turning 
down  and  iblding  up  the  cloth  as  occaiion  requires.  As  foon 
as  the  curd  adheres  together  fo  as  to  admit  it,  a  fmall  fquare 
board,  with  a  cor.ner  of  tlie  cloth  under  it,  is  put  on  the  top 
of  the  conical  part  of  the  curd,  with  a  60  lb.  weight  upon 
the  board.     Several  iron  fkewers  are   at  this  time  Ituck  in 
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the  rone,  and  alfo  through  holes  la  the  fides  of  the  vat.     Se- 
veral Life  a  wooden  le\er  to  prefs  down  the  cheefe. 

The  employment  of  the  women  is  now  drawing  out  and 
putting  in  the  fkewers :  thrufi:ing  and  keeping  together  the 
portions  of  the  curd,  that  the  power  of  the  weight  or  lever 
difplaces.  This  operation  is  contmued  until  the  whey, 
which  at  firft  ran  from  it  freely,  begins  to  be  difcharged  by 
drops ;  the  weio-ht  and  fkewers  are  then  removed,  and  one 
woman  takes  up  the  corners  of  the  cloth,  while  the  others 
break  the  curd  halfway  to  the  bottom  of  the  vat^  as  fmall  as 
they  can. 

Some  people  ufe  a  wooden  or  tin  hoop,  nine  inches  broad, 
inftead  of  holding  up  the  corners  of  the  cloth  during  this 
breaking.  After  the  upper  hjlf  of  the  cheefe  is  thus  broken, 
a  weight  or  other  power  is  again  applied  to  it,  and  is  fkew- 
ered  and  thrufted  as  before :  at  iirft  the  whey  again  runs 
freely,  and  the  operation  is  continued  as  long  as  thofe  means 
will  prefs  out  a  drop  of  whey.  Two  of  the  women  then  take 
the  four  corners  of  tlie  cloth,  the  fkewers,  Sec.  being  re- 
in oved ;  and  the  other  woman  lays  hold  of  the  vat  which  is 
drawai  from  the  cheefe;  and  after  rinfing  it  in  warm  whey, 
and  putting  another  clean  cloth  over  the  upper  part  of  the 
cheefe,  it  is  returned  inverted  into  the  vat  again,  and,  being 
placed  on  the  ladder  over  the  tub,  is  broken  half  way  through, 
as  before ;  thrufcing,  weiirhtino-,  and  (kewering,  Sec.  is  re- 
peated, and  continued  from  two  to  four  hours,  or  as  long  as 
g.  drop  of  Vvhey  cai;  be  extracted  from  the  cheefe. 

Tutting  the  Cheefe  into  the  Vrefs. 

When  no  more  whey  can  be  extrafted  by  the  aforefaid 
means,  the  cheefe  is  aeain  turned  into  the  vat  and  rinfed,  as 
before,  with  warm  whev.  The  cloth  now  made  ufe  of  is 
larger  and  finer  than  tlie  former,  and  is  fo  laid  that  on  one 
fide  it  (liall  be  level  with  the  fide  of  the  vat,  and  on  the  other 
wrap  over  the  whole  furface  of  the  cheefe,  and  the  edges  put 
within  the  vat;  thus  perfecllv  inclofing  the  wdiole  cheefe  in 
the  cloth.  In  this  ftage  of  the  bufinefs,  the  cheefe  is  ftill 
higher  than  the  edge  of  the  vat;  and  to  preferve  it  in  due 
form  rccourfe  is  had  to  a  tin  binder  or  hoop,  about  three 
inches  broad,  which  is  put  round  the  cheefe  on  the  outfide 
of  the  cloth,  and  the  lower  edge  of  the  binder  prelTed  down 
within  the  vat,  fo  low  as  that  the  upper  edge  of  it  mav  be 
level  with  the  furface  of  the  cheefe.  The  cheefe  is  then  car- 
ried to  the  prefs ;  and  a  fmooth  ftrong  board  being  placed 
over  it,  the  prefs  is  gently  let  down  upon  it ;  the  ufual  power 
^f  which,  prefs  is  about  14  or  15001b.  weight. 
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As  fonn  as  the  chccfe  is  put  into  the  prefs^  it  is  well 
ll:e '.V  creel ;  the  lice  we  rs  are  of  a  ftrong  iron  wire,  J  8  or  20 
inches  long,  fharp  at  the  points,  and  turned  with  a  bow  at 
the  other  end.  The  vat  and  tin  binder  have  holes  to  re- 
ceive the  fkewers;,  clpecially  the  binder,  which  holes  are  fel- 
lioni  more  than  one  inch  from  each  other.  As  the  prefs  ftands 
clofe  to  a  wall,  only  one  fide  of  the  cheefe  can  be  ikewercd 
at  a  time;  therefore  as  many  fkewers  are  ftuck  in  dilferent 
directions  as  conveniently  may,  leaving-  as  many  holes  un- 
llcewered  as  are  iKewered,  to  give  an  opportunity  of  changing 
the  holes.  .  The  bufinefs  of  Ikewering  continues  till  the  next 
morning  at  fix  o'clock,  and  in  that  time  the  oftener  they  are 
fliiftcd  the  better ;  every  fecond  time  of  Ihifting  them  the 
cheefe  is  turned  half  way  round  in  the  prefs,  to  come  at  the 
other  fide  of  it.  In  half  an  hour  from  the  time  the  cheefe  is. 
firft  put  into  the  prefs,  it  is  taken  out  again  and  turned  in 
the  val  into  another  clean  cloth.  At  this  time  the  edges  of 
the  cheefe  are  pared  off,  if  they  have  become  fliarp  under  the 
prefs ;  but  as  the  vats  are  now  ufuallv  made  with  the  angles 
rounded,  the  paring  is  rendered  unncceffary,  the  vat  being 
wiped  dry  before  the  cheefe  is  returned  to  it. 

AVhen  the  cheefe  is  thus  the  firll  time  taken  out  of  the 
prefs,  it  is  the  cifiom  of  fome  places  to  put  it  into  warm,  and 
in  others  into  hot  whey,  where  it  itands  an  hour  or  more. 
It  is  then  taken  out,  uiped  dry,  and  after  it  has  ftood  till 
cool,  it  is  returned  back  to  the  prefs. ^  This  is  done  with  a 
view  to  hardening  its  coat,  that  it  may  ftand  the  better.  At 
fix  o'clock  in  the  evening  the  cheefe  is  again  turned  in  the 
vat  into  another  clean  cloth.  At  this  and  the  former  turning, 
dome  dairy-women  prick  the  upper  furface  of  the  cheefe  all 
over,  an  inch  or  two  deep,  before  it  is  replaced  under  the 
prefs,  with  a  view  of  preventing  blifters.  At  fix  o'clock  in 
the  morning  it  is  again  turned  in  the  vat,  with  a  clean  cloth 
as  before.  The  fkewers  are  now  laid  afide.  When  the  next 
clay's  cheefe  is  ready  for  the  prefs,  the  former  one  is  again 
turned  in  the  vat  with  a  clean  cloth,  and  put  under  another 
prefs.  At  fix  o'clock  in  the  evening,  and  at  fix  the  morning 
following,  it  is  again  turned  in  the  yat,  ufing  at  thefe  two 
IsLlt  turnino-s  two  cloths  finer  than  thofe  before  ufed,  in  order 
that  as  little  impreffion  as  poflible  from  the  doth  may  remain 
o\\  the  coat  of  the  cheefe. 

Salting  the  Cheefe, 

Four  or  five  days  afier  the  cheefe  has  been  under  the 
prefs,  a  frelh  fine  cloth  is  put  under  it,  which  ferves  only  as 
a  lining  to  the  vat,  and  is  not  turned  over  the  upper  furface 
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of  the  cheefe,  TiS  has  been  hitherto  tlie  cafe.  It  is  then  taken 
and  placed  nearly  midlide  deep  in  brine  in  a  faking  tnb ;  the 
upper  furface  of  the  cheefe  being  covered  all  over  with  fait. 
It  ftands  generally  about  three  days  in  the  falling  tub;  i> 
turned  dailv,  and  each  turning  well  falted,  the  cloth  being 
twice  changed  in  the  time.  The  cheefe  is  then  taken  out  of 
the  vat^  and  in  lieu  of  \\  hich  a  wooden  girth  or  hoop  is  made 
ufe  of,  equal  in  breadth  nearly  to  the  thicknei's  of  the  cheefe : 
in  this  it  is  ph\ced  on  tljo  faltinir-benches,  where  it  ftands 
about  eight  davs,  being  well  failed  all  over,  and  turned  each 
day.  The  cheefe  is  then  wafned  in  luke-warm  water;  and 
after  being  dried  with  a  cloth,  it  is  placed  on  the  drying- 
benches,  where  it  remains  about  feven  davs :  it  is  then 
waflied  in  warm  water,  a?  before,  with  a  brufn,  and  wiped 
dry  with  a  cloth  :  after  it  has  ftood  about  tvvo  hours  from 
this  waOiins:,  it  is  fmeared  all  over  with  about  two  ounces  of 
fweet  whcv  butter;  and  ihen  placed  in  liic  warnicit  part  of 
the  cheeie-room. 

Cheefe- Room, 

During  the  firft  feven  days  it  is  rubbed  every  day  well  over, 
and  generally  fmeared  with  fweet  whev  butler.  Afterwards 
a  circular  fpace  is  left  unrubbed  of  four  or  iiwo.  inches  dia- 
meter, in  the  centre  of  each  fide  the  cheefe,  which,  as  long 
as  it  is  afterwards  kept,  is,  or  (hould  be,  turned  daily,  and 
rubbed  three  times  a  Vvxek  in  fummer  and  twice  in  winter. 
Scraping  the  rind  (liould  be  rendered  unnecelTarv  by  frequent 
cleanings.  In  a  warm  room  the  coat  will  he  eafily  prevented 
irom  rifmg.  Thefe  cheefe-rooms  are  commonly  placed  over 
the  cow-houfes,  and  this  is  done  with  a  view  to  obtain  that 
moderate  and  neceifary  degree  of  temperature  fo  elTential  to 
the  ripening  of  cheefe,  to  which  the  heat  arifing  from  tlie 
cattle  underneath  is  fuppofed  very  much  to  contribute.  The 
moft  defirable  coverino;  tor  a  cheefe-room,  as  contributing  to 
that  temperature  fo  much  dcfired,  is  thatch,  for  reafons  that 
muft  be  obvious.  Before  the  cheefe  is  brought  into  the 
rooms,  the  floors  are  moftly  well  littered  with  what  the 
farmers  here  call  fniddle^  thoucrh  wheat  ftraw  is  frequently 
made  ufe  of  for  this  purpofe,  but  the  knots' of  it  are  apt  tt> 
leave  an  iniprcflion  on  the  cheefe.  The  afierneath  of  grais 
well  dried  feems  to  be  a  eood  fubftitute  f'.)r  fniddle. 
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XL.  On  the  Antiquity  and  hiventlon  of  Fire  'Engine^,     Sy 
Profcjfor  Beckmann. 


A. 


.N  examination  of  the  invention  of  forcing  pumps  I 
fliall  leave  to  thole  who  may  be  difpofed  to  \Vrite  a  hillory  of 
hydrauUcs;  I  fliall  however  obferve;  that,  on  the  teftimony 
of  Vitruvius '*,  they  are  generally  afcribed  to  Ctefibius;  that 
on  this  account  they  are  ufually  called  machinoi  Ctejib'ica^ ;  and 
that  Ctefibius  lived  at  Alexandria  about  the  time  of  Ptolemy 
Philadelphus  and  Ptolemy  Euergetes  I. ;  confequently^  about 
two  hundred  years  before  the  Chriftian  asra.  My  obje6l  here 
is  to  lav  before  the  reader  what  information  I  have  been  able 
to  collect  refpecling  the  queftion^  At  what  time  did  thefe  ma- 
chines befin  to  be  emploved  for  extinsnilhinff  fires? 

To  render  them  lit  for  this  purpofe,  it  was  neceilary  that 
fome  alteration  iliould  be  made  in  their  conflrud^ion,  as  at 
firlt  thev  were  emploved  onlv  in  the  railing  of  water.  To 
render  them  fit  for  extinguilhtng  fires^  it  was  neceflary  that 
the  Vv-ater  fhould  be  forced  through  the  upper  aperture  to  as 
great  a  height  as  pofiible  ;  whereas,  for  the  former  purpofe,  it 
is  enoua:h  if  it  flows  from  the  upper  aperture  in  fufficient 
quantitv  into  the  refervoir,  from  which  it  is  to  be  convevcd 
to  the  place  of  its  deltination.  In  this  cafe^  the  apparatus 
required  for  a  machine  to  be  ufed  as  a  fire  engine  would  be 
a  defe6l ;  as  the  power  which  communicates  to  the  water 
its  velocity  might  be  employed  with  more  advantage  to  raife 
a  larger  quantity. 

In  my  opinion_,  it  is  highly  probable  that  Ctefibius  had  an 
idea  of  converting  his  forcing  pump  into  a  fire  engine;  for 
his  fcholar  Hero  of  Alexandria  fpeaks  exprefsly  of  this  ap- 
plication, and  defcribes  the  method  of  conftru6ting  a  kind 
of  eng-ine  v/ith   two  cylinders  f  J  but  il  is  doubtful  whethef 

this 

'*  Lib.  X.   c.  12.  p.  347.  compare  sifo  lib.   ix*-c.  9-  p.  31  r. 

•f  In  that  work  entitled  nv£u,uAT;jta,  *r  Spirittdia.  It  may  be  found  with 
a  Latia  tranflarion  in  the  Veteriim  Malhe7v.aiicorupi  Opera^  Parilrs,  1693. 
folio.  In  p.  180,  the  following  p;iir.ige  occurs  :  'On  h  o-t<j)a;v£-,  o»c  Xr'^^"^^ 
«;?  TCI?  iixrri-i  rit.-A'.,  xaTarXrra^cvrat  cvt:-:;.  S;phones,  quibus  Utuntur  ad  in- 
cendias,  lioc  modo  conl'truuntur.  The  annexed  drawing  reprefents  an 
engine  with  two  cylinders.  Refpedtjng  the  other  editions  of  this  woik 
Ice  FabriLii  BibliothecaGr^-ca^  vol.  ii.  p.  593.  where  the  Latin  tranflatiun 
wiiich  I  h;^ve  in  my  pofTeliion  is  omitted.  Ic  is  entitled  H'^ronis  Alex- 
Widrini  Spiriialiun  Libcr.  AFcdtviiO  C'j'nmar.i'i^o  Urbinaie  ex  Graco  •niipcr 
in  Litimim  cofi'verfus.  Pariilis  apud  Aeg.  Gorb'.num,  r5S5.  4to.  This 
edition  ends  with  the  worils  et  moigis  commuata  coKi;er/io  fat,  \vhich  ii7 
the  Paris  edition  fiand  in  p,  230.  It  wants  alfo  the  end  of  the  Paris  edi- 
tion from  the  words,  ^o>';i*uo  animal  di'Vidaiur  tt  bibatj  to  £(  tioic  obiato 
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this  application  of  the  forcing  pump  foon  became  common, 
and  whether  the  antient  Romans  were  in  pofiellion  oF  this 
nfeful  machine.  All  that  I  know  on  the  fubjccl  is  as  fol- 
lows : 

Plinv  the  vounfrer  informs  the  emperor  Trajan  in  one  of 
his  letters,  that  the  citv  of  Nicomedia  in  Bithynia  had  been 
almoit  entirely  deftroved  by  fire  ;  and  that  the  devaftation 
had  been  greater  becaufe  a  violent  ftorm  had  taken  place 
during  the  conflagiralion,  and  becaufe  there  was  no  apparatus 
in  the  citv  for  exiiniruiOiing  fires  *.  The  yz/)/'o  here  men- 
tioned bv  Plinv  feems,  bevond  doubt,  to  have  been  the  fire 
engine  of  Ctefibius;  thoug;h  among  the  other  articles  w^e  are 
to  underftand  water  conduits,  and  pipes  employed  for  con- 
veviniT  y»'aier  into  the  city.  I  inuft  however  confcfs  that  the 
\voT(\^J?pho  lionifies  alfo  pipes  of  this  kind:  and  panicularly 
in  a  palfage  oT  Strabo  f,  where  he  fr^eaks  of  the  fubterranean 
conduits  at  Rome,  and  fays,  that  almoft  all  the  houfes  had 
c\CtfzYn?',  Jipbones,  or  water  pipes,  and  running  ftreams.  But 
Plinv  mentions  at  the  fame  time  water  buckets,  which 
are  to"  be  confidered  as  an  appenda2:e  abfolutely  neceffary  to 
fire  engines.  It  is  alfo  hardly  poiiible  to  believe  that  a  city 
fuuated  as  Nicomedia  was^  cJofe  to  a  bay  X,  fhould  be  in 
want  of  water. 

But  I  can  produce,  and  I  believe  I  am  the  firft  to  do  fo, 
for  I  do  not  tind  that  it  has  ever  been  mentioned  by  any 
other  writer,  a  very  ftrong  proof  from  a  cotemporary  author. 
Apollodorus  the  architect,  wdio  was  employed  by  the  emperor 
Trajan  in  conftructiny^  the  celebrated  bridge  on  the  Danube, 
and  in  completing  fome  extenlive  works  at  Rome ;   and  who, 

pocnlo  bibet.  More  information  refpefting  Hero  nsay  be  found  in  Heronis 
Ctefil/ii  Belopoeekn,  hoc  tjl  ''I'tufadi-ja,  B'^mardiuo  Baldo  IJrbinate  GuafuiUcS 
Abbate  Ulnjiratore  et  Interprete.  Item  Heronis  Fiia  eocUm  Aufm-e.  Au- 
gudse  Vindel.  1616.  4tn.  See  alfo  Htronis  Alex.  Vita,et  S.rljia  et  qut^- 
dam  Inuenia,  Praf.de  R- A.  iVa^nero,  Au^r/reJ.  J,  Schmidt.  Helmftadii 
1 7 14.  4to. 

•  £/>{/?.  42.  lib.  X.  Incendium  latius  fparfum  ;  prinaum  violentia  venti, 
deinde  inertia  hominum,  quod  fatis  conftat,  oticfos  et  imniobiles  tanti  mali 
fpeftatores  perftitille,  et  alioqui  nullus  ufquam  in  publico  fipho,  nulla 
hama,  nullum  denique  infcrumentum  ad  mccndia  compclccuda,  et  \xx.z 
quidem  ut  jam  prscepi,  parabantur. 

\  Lib.  V.  edit.  Almel.  p.  360.  To^-ei/Tov  Teri  ~<>  ei<r4>a;>'.,ucr  uJ'ajjj  J'i;t  tiwv 
l^pa.yvyciuv,  x^i  TrorxfjiTJi  J;a  rr.;  ■jsi'Kix;  y.ai  ran  Ixsvouxv  puv,  anaTctv  o£  oix»a» 
0-)^ihv  h^s-ixiict!;  Kdi  c^<fu;7ct;,  x«j  xpn-vcvf  EX''"'  *4'^-'''''?'  lantum  aquoi  p^r 
aquadudtus  ill  urbem  dcrivatur,  ut  flumina  perurbero  et  cloacam  l^ban- 
lur,  et  qurtlibet  propemodam  domus  ciilernas.  tubulos  ac  canales  hibeat 
copiofos.  Compare  Lipirjs  d.-'  Mugnitudine  Romana,  Antwerp  1598.  fol- 
lib.  iii.  c.  II.  p.  181. 

\  Plinius  V.  cap.  ult.  F.l;  in  intimofinu  (Af'aceno;  Nicomedia  Bithy- 
iii«  praeclara. 
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as  wc  are  told  by  Dio  Cauiiis,  was  put  to  death  by  Trajan^ii 
f.icceiTor,  Adrian,  on  account  of  a  fnecrina;  anfuer  which  lie 
gave  to  that  prince^  tells  us,  in  the  remains  of  his  work  on 
warlike  machines,  what  methods  are  to  be  employed  when 
the  upper  part  of  an  edifice  is  on  fire,  and  the  machine  called 
Jipho  is  not  at  hand.  In  this  cafe,  fays  he,  leather  bags  filled 
with  water  mull  be  failened  to  long  pipes  in  fuch  a  manner 
that,  by  prefiing  the  bags,  the  water  may  be  forced  through 
the  pipes  and  thrown  on  the  place  which  is  on  fire  *.  The 
Jipho,  therefore,  was  a  machine  by  means  of  which  water 
could  be  thrown  to  a  height  on  places  on  fire,  and  which 
could  not  be  reached  in  any  other  manner. 

That  in  the  fotu'th  centurv,  at  leaftj  a  fire  engine  properly 
fo  called  was  underftood  by  the  term  Jipho,  is  fully  proved  by 
Hefychiust ;  as  alio  by  Ificlore,  who  lived  in  the  beginning 
of  the  feventh  century  :|:.  The  latter  remarks,  that  fuch  en- 
gines were  employed  in  the  eaft  for  extinguilhing  fires;  and 
thence  there  is  almoft  reafon  to  conclude  that  they  were  not 
then  ufed  in  tlie  wefi:. 

It  now  remains  to  determine  the  qucftion,  at  what  time 
fuch  apparatus  for  extinguifiiing  fires  began  to  be  employed 
at  Rome.  From  the  regulations  for  guarding  againfl;  acci- 
dents by  fire,  and  in  regard  to  extinguifiiing  fires,  which 
occur  in  tlit  Roman  code§,  one  might  be  induced  to  fuppofe 
that  this  capital  muit  have  been  furnifiied  with  thofe  necef- 
fary  machines,  of  the  want  of  which,  in  a  provincial  city, 

'•■  Foliorre.iica^  p.  32.  in  Veterum  Mathematic  Oper,     K*v  ttow  axpairnpiri 

fxi-joi  ixB'Kitxs-i  Ji'  auTxv  ETTi  Toy  }iaio(ji.-voy  rcTTcy.  Si  forte  extiemitas  aliqua,  ad 
quam  difTicilis  fit  alccnlus,  ardtat,  ncc  pncfto  fit  inltrunicntv.m  illud  quod  vo- 
cattir  fipho,  arundines  rurfus  perforatce,  cujufmodi  funt  ancupum,  aptantur 
in  lis  locis  quo  aquam  ferre  eas  oportet,  et  utres  aqua  pleni  prefli  aquam 
ejaeulantur  in  locum  qui  igni  confumitur. 

-f-  2;4>ajy  c^xvov  rt  it;  Trpis-iv  i^xTocv  ev  roi;  e/xirpr.TfAOig.  Inf.rJmentum  ad 
ejaculandas  aquas  advernas  incendia. 

+  Origines  xx.  6.  Siphon  vas  appellatum  quod  aquis  fufflando  fundat; 
utuntur  enim  hoc  Orientalcs.  Nam  ubi  rcnferint  domum  ardere,  cur. 
runt  cum  hphonis  plenis  aquis  et  extinguunt  incendia,  feu  et  cum  aras  ex- 
prelfis  ad  fuperiora  aquis  emundanr.  In  many  places  hand  engines  are 
uftd  in  tlie  like  manner  for  wafliing  the  windows  of  the  upper  ftories. 

§  See  Digeji.  i.  tit.  15.  where  it  is  recommended  to  all  perfons  to  keep 
water  by  thtm  in  their  houfes.  Ut  aquam  unufouifque  in  coenaculo  (the 
•upper  ftories  r)  habea'-,  jubetur  admonere.  Alfo  D'lgejl.  xlvii.  tit.  9,  many 
things  relating  to  this  fubjedt  may  be  ftmnd  in  L.  A.  Hambergeri  OfJiifaday 
Jense  et  Lipf.  1740.  8vo,  p.  12.  in  the  dilfertation  de  IncendiU.  The  fol- 
lowing difiertations,  which  I  have  not  feen,  contain  alfo  information  re- 
fpec^ing  the  police  reguLitions  of  the  Romans  in  regard  to  fires.  G.  C. 
Marquarti  ^/t"  r/zra  RovKuiorum  iir:al7}CC7idia^  Lipf.  1689.410.  E.  Ot- 
tonis  Dijfcrf,  de  Qjjiclo  Prafe^i  Fig/lum  circa  Incendia^  Ultrajecli,  17^1. 

Pliny 
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Pliny  complains,  and  which  he  had  himfelf  fupplied.  This 
conjecture,  however,  I  cannot  confirm  ;  and  antient  as  well 
as  modern  examples  prove  that  the  police  regulations  efta- 
bliOied  in  fmall' towns  are  not  always  to  be  found  in  capitals. 
Antioch  and  feveral  cities  had  fireet-lanterns,  which  were 
v.anting  in  the  proud  Rome.  But  what  excites  fome  doubt 
is,  that  thefe  fire  engines  are  never  mentioned  in  the  Roman 
Jaws,  nor  in  the  acc'ounts  of  the  fires  which  frequently  hap- 
pened at  Rome.  When  a  misfortune  of  this  kind  happens 
at  prefent,  it  is  always  mentioned  whether  a  fufficient  number 
of  engines  were  prefent,  and  what  eifecl:  they  produced  :  and 
Pliny,  indeed,  does  not  omit  them  in  the  fnort  account  he 
gives  of  the  fire  at  Nicomedia. 

One  paffacre  onlv  in  Ulpian  is  commonly  produced  as  a 
proof  that,  in  his  time,  there  were  fire  engines  at  Rome. 
Where  he  enumerates  thofe  thingrs  that  belong;  to  a  houfe 
when  fold,  he  mentions,  befides  other  articles,  \htjiphcnes  * 
employed  for  extino;ui{hing  fires.  But  if  this  term  here 
means  a  fire  engine,  the  palTafre  appears  to  prove  too  much ; 
for,  in  that  cafe,  we  muft  believe  that  each  houfe  then  was 
furnilhed  with  an  engine  of  its  own:  iffo,  thefe  engines 
niuft  have  been  fmall  portable  ones,  fuch  as  are  common  in 
many  houfes  at  prefent;  and  the  pafTage  therefore  cannot  be 
adduced  as  a  proof  of  public  engines,  fuch  as  Pliny  regrets 
the  want  of  at  Nicomedia.  But  it  is  more  probable  that 
Ulpian  only  alludes  to  thofe  fifhones  which  according  to 
Strabo's  account  were  to  be  found  in  every  houfe  at  Rome; 
that  is,  pipes  which  conveyed  water  into  them  for  domeftic 
purpofes.  From  the  total  want  of  fire  engines,  or  the  im- 
perfect manner  in  which  they  were  conftrutled,  what  Seneca 
fays  muft  have  been  very  true,  that  the  height  of  the  houfes 
at  Rome  rendered  it  impoflible  to  extinguifh  the  fires  which 
happened  in  that  city  f.  That  the  houics  there  were  exceed- 
ingly high_,  and  the  ttreets,  bridges,  and  highways,  very  nar- 

*  i?/§-<^.  xxxiii.  7-  i3.  Acetum  quoq«je,  quod  extinguendi  incendii  caufa 
p'.rarur,  irem  cemones,  fiphoncs,  perricce  qufjque  et  Icalas,  et  formioncs  et 
fpor.orias  et  hamas  et  fcopas  contineri,  pleriqus  et  PeirJ-fu';  aiunr.  Alex- 
ander ab  Alfcxandro,  whofe  authority  however  is  not  decifive,  underftand^ 
here  engines.  Dlcr.  Genial,  v.  24.  p.  342.  Siphorcs  vero,  fiftulas  fol- 
libus  junttas  leu  machinas  hvdrauhcas,quibus  agitaiis,  at  fuperiora  aedium 
cxhauriunt  aquatn,  qui  etiam  orgnna  paeumatica  di6Vi.  T\\t^^  vjhd^  foV- 
llbus  jicniiay  which  no  commentator  has  expiained,  are  thole  tubes  which 
were  before  propofed  by  Apollodorus. 

t  C(5>;«'0'L'^?;/;ix.  hb.  2.  p.  153.  j^des,  quis  in  tantum  exftruxere,  uc 
damus  ad  ufum  et  munimentum  paratae,  fmt  nunc  periculo,  non  prjehdio  ; 
tanta  altitudo  aedificiorum  eft,  tamaeque  viarum  cnguftias,  ut  neque  ad- 
verfus  igneai  prasfidium,  neque  ex  ruinis  ullum  uliatn  ia  partem  effu- 
*ium  ^t. 

Vol,  Xr.  Q,  row- 
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row,  is  well  known.  Archenholz  *  and  others  are  of  opi- 
nion, that  the  houfes  were  raifed  to  fuch  a  height  on  account 
of  the  great  heat  in  that  warm  climate;  bat  the  principal 
caufe  was  that  afligned  b\^  V^itruviust,  and  which  ft'U  pro- 
duces the  fame  elTecl.  For  want  of  room  on  the  earth,  the 
buildings  were  extended  towards  the  heavens;  ib  that  at  lad 
the  greatefl  height  of  an  edifice  was  fixed  bv  a  law  at  70, 
and  afterwards  at  60  feet.  In  Hamburgh  at  prcfent,  where 
ground  is  valuable,  and  (till  becoming  more  fo,  moft  of  the 
lioufes  are  60  feet,  and  fome  70  feet  in  heiirht;  and  hovv' 
much  this  height,  notwithftandino;  the  perfection  to  which- 
fire  enoines  have  been  brought,  renders-  the  extingaidiing  of' 
iires  difficult,  and  often  impoliible,  is  (liown  by  the  melan- 
choly initance  of  Gera,  where  the  houfes  are  built  lower. 
With  Neubert's  enirine,  which  was  tried  at  Hamburgh  in 
1769,  eight  fire-men  raifed  1 1 !  cubic  feet  of  water  to  the 
height  of  about  6'Z  or  63  feet.  The  beft  Englifli  engines  can 
throw  water  to  the  height  only  of  from  33  to  33  feet  %> 

In  the  Eaft,  fuch  engines  were  emplo\ed  not  only  to  ex- 
tinguiili  lire?,  but  to  excite  conflagrations.  The  Greek  lJre_, 
invented  in  the  year  678,  by  CallinicuSj  an  architeft  of  He- 
liopolis,  called  afterwards  Balbec,  the  ufe  of  which  was  con- 
tinued in  the  Ealt  till  the  year  1291  atleart§,  and  whicb 
certainly  was  liquid  ||,  wa&  employed  in  many  ways,  but 
chiefly  on  board  iliips,  being  thrown,,  bv  means  of  large  fire 
enorine?,  into  the  (liips  of  the  enemv>.  Sometimes  this  fire  was 
kindled  in  certain  veiTels  which  might  be  called  Jire  pnpSy 
and  which  were  introduced  among  the  hoitiie  fleet  51 ;  fome- 
times  it  was  thrown  upon  the  enemy  from  jars  and  other 
vefieis  with  machines  of  various  kinds**^  and  fametimes  the 

loldiers 

■*  England  und  Italien,  Lipf.  1785.  Svo.  ii.  p.  216. 

•f-  Lib.  ii.  c.  8.  p.  68.  In  ea  majcftare  urbis  et  civium  inFaiita  frequentia, 
innumcrabiles  habitationes  opus  fuit  explicarc.  Er«o  cum  rccpere  non 
poffct  area  plana  rantam  multirudiaem  ad  habitandum  in  urbe,  ad  auxiiiuni 
aiptudinis  adificiorum  res  ipfa  coegit  devenire. 

\  This  is  a  miftake  of  the  author.  Some  Englilh  engines  can  throw 
water  to  a  niuch  greater  height. — Edit.  , 

§   Hanovii  Dilquilitiones ;  Gedani  1750.  4tn.  p  6'» 

y  Annce  ComnencC  Alcxiad.  lib.  xvi  p.  3  85.  Uv*  lyfw :  the  fame  appelhtion^ 
occurs  in  Theophanea  Chronographia, 

fl"  Theophanes,  p.  z^4  and  3^2. 

**  Such  a  machine  is  called  by  Joinville  in  Hijloirc  de  S.  Lours  IX. 
Paris  1668.  foi.  p.  39.  ung  engin,  qu'ils  appelloient  la  Parriere,  par  ]e- 
qucl  enging  iis  nous  gettoier.t  le  feu  Grepois  ?.  plante.  Does  not  the  fol- 
lowing paflage  s^'om  Lcok/'s  'Tac:i. a,  Lugd.  Bar.  1611.410.  p.  347  allude 
to  the  Greek  fire  r  though  Meurfius  thinks  that  the  author  fpeaks  of  un- 
fluked    lime,   which,    however,  could  not   produce  the  delbribed   eff-£l : 
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foldiers  fqiiirted  it  from  hand  engines,  or,  as  appears,  by 
blowing  it  through  tubes  :  but  neither  thefe  hand  engines 
nor  fuch  tubes  could  have  been  the  machines  employed  for 
projecling  it  from  the  fore  part  of  fliips  againft  thofe  of  the 
enemv.  ^Thev  were  conllructed  of  copper  and  iron  ;  the  ex- 
tremity of  them  had  the  appearance  fometimes  of  the  open 
mouth  and  jaws  of,  a  liou  or  other  animals;  they  were 
painted,  and  even  gilded ;  and  it  appears  that  the  fire  could 
be  thrown  from  them  to  a  great  diitance. 

Thefe  machines  are  called  exprefsly  by  various  authors 
[pouting  engines.  Thus  Johannes  Cameniata,  fpeaking  of 
the  taking  of  his  native  city  Theifalonica  by  the  Saracens  in 
the  year  904,  favs  that  the  enemy  threw  fire  into  the  wooden 
works  of  the  befieged,  which  was  blown  into  them  by  means 
of  tubes,  and  thrown  from  other  velTels  '*^.  I'his  paflage, 
which  I  do  not  find  quoted  in  any  of  the  works  that  fpeak 
of  the  Greek  fire,  proves,  at  the  fame  time,  that  at  the  be- 
pinnino-  of  the  tenth  century  the  Greeks  were  not  the  only 
polTeflbrs  of  the  art  of  preparing  this  fire,  the  forerunner  ot 
our  gunpowder.  The  emperor  Leo,  who  about  this  time 
wrote  his  Art  of  War,  recommends  the  ufe  of  fuch  tubes  on 
the  fore  part  of  Ibips,  and  to  be  placed  under  the  (lielter  of  a 
proper  covering f  :  he  meniions  the  Tquirting  ot  the  Greek 
fire  in  two  more  palTagest.  In  a  word,  people  may  have 
eafily  conceived  the  idea  of  difcharging  the  Greek  fire  by 
means  of  a  forcing  pump,  becaufe  the  ufe  of  this  machine 
for  extino-uiflnno-  fires  was  known  there  lono;  before  the  in- 
vention  of  Callinicus. 

At  what  period  the  cities  in  Germany  began  to  be  fur- 
niftied  with  fire  eno:ines  I  have  not  been  able  to  determine. 

o 
arfioj   a-vfj.7r,'iyei    na-i  c-xon^ii  n-j;  TToXgceiw?,    r.ai   f^tyci  Sfx^Ti^ic*  yivtrui.       Ollas 
calcc  viva  plenas  alii  injiciunt,  quibus  confra^tis,  calcis  viva?  pulvis  dilli- 
patus  fuffocat    et    firanguiat    hjlUs,   et   magoo  ad  prsliandum  impedi- 
mento  elt. 

*  In  Leonis  Aliatii  lo>xy.iX-ta..  Coloni:«  Agripn,  165^.  8vo.  p.  589. 
nt/'p  T£  hx  roiV  j-i^uMo'j  rx-  ^ifi  ^urris-A'rTi;,  xx;  Tiv^  «X>.i  (rxcvn  ....  igneHi 
fiphonibus  efflantes,  et  alia  vaJa,  liamjoarum  plena,  in  murum  conjicjenies. 

\  Cau.  xix.  §  6.  p.  322.  '£-X^~'^  ^'  Trivr*;  tw  c-.4>iva  y.ara  -rr.y  TTfocpxv  By.- 
<7roos-otv  yji>MU)  if-i^iBS-^usym,  u<;  s9o;,  ^C  ov  n  iTKivxa-iM-Jo-r  Trup  vaTa.  to.-,  c\amayj  ay.i-)- 
turn  (jxcording  to  tb,e  reading  in  Fabricu  Bibi'.olot'ja  Gra^ca,  vi.  p.  373.)  : 
la  piora  iiptionem  aere  oute6ruin  de  mora  habeas  ad  itnejmin  hoftes  ejacu- 
landum,  et  cclle  l\ipra  fiphunem  vilevidopatium  ex  sitcribu?  confe6lum  cC 
alTeribus  circumtecrum,  in  quo  viri  ad  bellandum  inftrufti  fine. 

t  Pa^.  344.  Inteidum  fro-atsm  claffis  diredtiTn  juftrues,  ut  ubi  ufus 
fcrat  in  hoftium  proras  irruac,  et  iipl;onibus  ignem  ejicientihns  naves  illo- 
rum  incendat.  Aist  t:u  -Tryso;  t«v  a-i<^x;'x-/.  p.  346.  Mults  rnolitionts  exco- 
gitatai  funt;  cuius  generis  I'unr.  ignis  cum  tonitru  et  fumoignitoperfiphones 
emiflus,  ec  incendens  naves,    'Oiav  totj  £rxs'ja<r/y-r.&v  ttvo  y-nx  ^ssjrrc  xa»  y.xTr.cst 
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In  my  opinion  they  had  regulations  refpecling  fires  before 
they  had  engines ;  and  the  tornier  do  not  feem  to  be  older 
tlian  the  beginning;  or  middle  of  thelixtcenth  centurv.  The 
oldeft  for  the  city  of  Franckfort  on  the  Mavn,  with  which  I 
am  acquainted^  are  of  the  vear  1460*.  The  firft  general  order 
in- Saxony  rcfpefting  fire,  is  that  of  duke  Georcre  in  the  vear 
1521  t-  The  firft  for  the  citv  of  Drefden,  and  which  w-a> 
to  ferve  for  the  whole  countrv^  is  of  the  vear  1529;!:.  In 
many  cities,  the  firft  ordinances  publiihed  by  {rovernment  for 
the  purpofe  of  preventing  danger  from  tl:^,  n-tav  be  found 
perhaps  among  the  regulations  in  regard  to  building,  whicilt 
appear  to  be  fomcwhat  older  thantht  partlisular  ones  rcfpe<Sl- 
ing  fires.  At  Augibura;  an  exprefe  regulation  in  regard  to 
building  was  drawn  irp  and  publiihcd  fo  earlv  as  1447  §. 
On  turning  over  the  old  chronicles  it  is  obfcr\'ed  that  greafc 
fires  began  to  be  lefs  frequent  in  the  fixteenth  century;  a 
circumltance  which  beyond  all  d\)ubt  muft  be  afcribcd  to  the 
improvements  in  building  |j,  the  regulations  made  bv  go- 
vernment for  the  gnardinfr  againft  fires,  aud  the  introduction 
of"  apparatus  for  extinguilliiiie;  them.  But  bv  the  invention 
of  fire  engines  every  thing  in  this  refpcct  has  been  fo  much 
changed,  as  to  render  it  necefi'arv  to  revife  and  entirelv  alter 
the  old  regulations  n^dc  in  regard  to  fires  ;.  and  it  is  not  im- 
poffible  ihdX.  the  fiiTt  mention  of  j)ublic  fire  engines  will  occur 
in  the  new  regulations  refpecling  fires  made  in  the  fixteenth 
and  feventeentli  centuries. 

Mr.  Von  Stetten  has  remarked,  that  the  firft  mention  of 
fire  engines  at  Augfburg  occurs  in  the  buildinn;  accounts 
of  the  city  for  the  year  1518.  They  are  called  there  injiru- 
7Hfnts  for  Jirts^  ijuater  Jyringes  ufefiil  at  Jives  *;  ;  and  thefe 
names  feem  to  announce  that  tiie  machine  was  then  in  its 
mfancy.  At  that  time  they  were  confi:ru6led  by  Anthony 
Blatner,  a  goldfmith  of  Friedberg,  but  who  in  the  abov? 
year  was  a  citizen  of  Augfburg.  From  the  obfervation 
added,  that  the  w'heels  and  poles  (levers)  were  made  by  a 
Avheel-wright,   and  by  the  lar^enefs  of  the  fum  put  down  in 

*  A  pSiTagt:  fmm  it  is  quoted  in  Orth's  Atimerkungen  uber  die  ernei'xru 
Rejormution  urv  SiiiJt  Frankfurt  1731.410,  iii.  404. 

\  It  is  intitled  Begreyff  der  Fewer  Ordenunjie,  four  p?!ges  folio.  It  is 
-wanting  in  the  Codex  Attgvjleus,  but  its  contents  may  bt  found  in  Canzler 
und  IMciiner  fiir  akere  Litteratur  und  neuere  Lecture,  Lipf.  17S5. 
.iiVO.  iii.  3.  p.  97- 

*  Wecken's  IBefchreibung  und  Vorftellung  der  Refidenz  Drefden, 
.p. +Si. 

§  Von  Stetten  Kunftgefchichtc  der  Stadt  Auglburg,  i.  p.  87. 
^   .|^  Thus,  in  the  year  1466  ftraw  thatch  was  forbidden  at  Franckfort; 
'^\'A  in  the  year  1474  roofs  con{lru6tcd  of  lliingles.     Ltrjner^  ii.  p.  22. 
f[  Kuuftgclc'.ilchte  der  Stadt  Augiburg,  ii.  p.  112. 
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tJte  account,  there  is  reafoii  to  conclude  that  thefc  were  not 
hand  (koines,  but  large  compound  inachlnes.  In  that  re- 
fpeclable  diciionarv  ^^hzaleT^  Tt-utjchfpraach,  printed  at  Zu- 
rich in  1^561.  8vo.,  \  twt'lfcuerhakdn  (lire  hooks),  and /'cz/t?-- 
hltern  (fire  ladders)  ^  hut  no  maciiines  for  cxtinguilhing 
ilres,  nor  any  where  a  fire  engine. 

In  the  year  165''^  the  jefuit  Cafpar  Scliott  was  ftruck  with, 
admiration  on  iccnig  at  Xuremberg;  an  engine,  made  there 
by  John  Hautfch.  It  liood  on  a  fledge  ten  feet  in  length 
and  four  in  breadth.  The  vcllel  that  contained  the  water 
was  eight  feet  in  leniiih,  four  in  heiglit,  and  two  in  breadth. 
It  was  put  in  motion  by  twenty-eight  men,  and  forced  a 
ftream  of  water  an  inch  in  diameter  to  the  height  of  eighty 
feet,  and  coiifequentlv  *bove  tlie  houfes.  The  whole  ma- 
chine was  drawn  bv  two  horlVs.  Hautfch  is  Taid  to  have 
caufed  an  enjjravinp;  to  be  made  of  this  machine,  which  he 
Circulated,  with  an  offer  of  confiructing  fimilar  ones  at  a 
mvj>derate  price,  and  teacliing  the  ufe  of  them.  He  refufed 
10  (how  Scliott  the  internal  conltruciion  ^f  his  machine; 
but  the  lat~ler  readilv  conceived  it.  From  what  Schott  fays, 
it  evi'dentlv  appears  that  the  cvlinders  did  not  ftand  perpen- 
dicular, but  lay  in  a  horizontal  direction  in  tlie  box  :  fo  that 
the  piftons  moved  hurizontally,  and  not  vertically  as  at  pre- 
fent.  Vertical  cylinders,  therefore,  feem  to  be  among  the 
improvements  Imce  made  to  this  engiiye.  Schott  adds,  that 
this  invention  was  not  new,  it  had  been  known  in  other 
cities;  knd  he  himieif  forty  years  before,  confequently  in 
1617,  Q)ad  feen  one,  but  much  fmaller,  in  his  naiive  city  ". 
Schott,  -^s  is  well  known,  was  born  at  Konigihofen,  not  far 
from  Wurzburg,  in  1608.  George  Hautfch,  the  fon  of  the 
firmer  arlilt,  conftructcd  fuch  engines  alfo ;  and  probably 
made  fome  improvement  in  theui ;  for  Wagenleil  f  and 
ethers  afcribe  to  l)im  the  invention. 

The  firft  regulations  at  Paris  refpeftinc;  fires,  as  far  as  is 
'kncwn,  relate  to  lupprefiing  thofe  incendiaries  who,  under 
the  name  of  boutefcux,  occafioned  great  dcvaftation  in  the 
capital  as  well  as  in  the  prcrvinces  t.  Paris  feems  to  have 
obtained  the  firll  fire  engines  in  1699  :  in  that  year,  at  leaft, 
vhe  king  gave  to  Dumourier  Dupenicr  an  exclulive  privilege 

'■'■'  Magia^U'ii'verJalh ,  p.  iii.  lib.  6.  p.  ^lo  ;  and  in  Pafcbii  Ixzutii.  Kcv.- 
antJq.  Lipf.  1700.  4:0.  p.  66S.  The  IVIagia  Uiiiverlalis  was  printed  ia 
1657.  Sec  alfo  Dappelmavr,  p.  301,  who  fiys  that  the  water  was  railed 
to  the  height  of  a  hundred  feet.  ^_ 

f  De  Civitate  "Norlbtrgcni^,  ^.  i;3.  Marpergers  Gecfr.etes  Manu- 
fakturhaus.  Hamburg  1707.  izmo.  p.  210.     Dcp^^tlmayr,  p.  303. 

X  Contiivaation  da  Traitc  <ie  la  Police  par  Dclaraare,  Piri^  ^738.  fc'. 
P-  137- 
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to  confl:ru6t  thefe  machines,  which  were  called  pompcs  por* 
tati-ves'y  and  he  encraged  for  a  certain  fum  to  keep  in  repair 
the  feventeen  engines  which  had  been  purchafed  for  the  nfe 
of  the  city,  and  to  provide  and  pay  the  necelTary  workmen. 
In  the  vear  1722  the  number  was  increafed  to  thirtv,  which 
were  diftributed  in  feveral  quarters  of  the  city;  and  the  con- 
traftors  received  annually  at  that  time  30,000  livres.  The 
citv,  however,  befides  the  thirty  royal  engines,  had  others 
which  belonged  to  the  holel  de  vilUy  with  which  the  lieur 
Duperrier  had  nothing  to  do  *. 

In  the  middle  of  the  fixtcenth  century  thefe  machines 
were  certainly  (till  very  imperfect.  They  had  neither  an  air 
chamber  nor  buckets,  and  required  a  great  many  men  to 
work  them.  They  confifted  only  of  a  fucking  pump  and  for- 
cing pump  united,  which  forced  the  water  out  in  fpurts,  and 
with  continual  interruptions.  Such  machines  in  movins^  the 
lever  experience  a  ftoppage,  during  which  no  water  is  forced 
out;  and,  as  the  pipe  is  fixed,  it  cannot  convey  the  water 
into  a  houfe  on  fire,  though  it  mav  reach  a  fire  at  no  great 
diftance  where  there  are  doors  and  windows  to  afford  it  a 
pniT:\Q;e.  At  the  fame  time,  the  workmen  are  liable  to  be 
eruflied  by  the  fall  of  the  houfes,  and  on  that  account  mult 
keep  from  them.  Hautfch,  however,  had  given  to  his  en- 
gine a  flexible  pipe,  which  could  be  turned  to  any  fide  as  i 
might  be  neceil'ary;  but  not  an  air-chamber,  which  Schott  J 
certainly  would  have  defcribed.  Even  in  Belidor's  time,  the  1 
iire  engines  in  France  were  of  no  other  kind.  In  the  year 
1760  thefe  improved  machines  were  ufed  only  in  England; 
at  leaft  profefTor  Bufch  f  concludes  fo  from  this  circumltance, 
that  Fergufon  confiders  Newfham's  engine,  which  threw  the 
water  out  in  a  continued  ftream,  as  a  new  invention. 

It  is  not  with  certainty  known  who  firlt  conceived  the 
idea  of  conftrufting  an  engine  with  an  air-chamber,  in 
w-hich  the  included  air,  by  comprefling  the  water,  forces  it 
cut  in  a  continued  ftream.  According:  to  a  conje6lure  of 
Perrault,  it  would  appear  that  Vitruvius  feems  to  fpeak  of  a 
fimilar  conftru6lion;  but  Perrault  himfelf  acknowledges  that 
this  obfcure  paffage  %  can  be  explained  in  a  different  manner. 
The  air-chamber  in  its  aO:ion  has  however  fome  refemblance 
to  Hero's  fountain,  in  which  the  air^,  being  comprefi'ed  by 
the  water,  forces  the  water  out  §. 

•^  Continuaticn  du  Traitc  de  la  Police,  &c.  p.  ir7. 
•h  Verfuch  einer  Mathcmatik  zum  Nutzen  und  Vergniigen,  Hamburg 
I7qi.  8vo.  p.  396. 
\  Lib.  X.  c.  jz, 
\  Spiritalia,  xxxvi.  p.  S;. 
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T  can  find  no  older  engine  with  an  cnr-chamber  than  that 
dcfcribed  bv  Perrault,  and  of  which  he  has  given  a  figure. 
lie  favs  it  uas  prefcrvcd  in  the  king's  library  at  Pari:?;  that 
it  was  emplovcd  for  throwing  the  water  to  a  great  height 
during  fires:' that  it  had  onPy  one  cylinder,  and  yet  threw 
out  a'continued  jet  of  water.  He  neither  mentions  the  pe- 
riod of  the  invention,  nor  the  name  of  the  inventor ;  and  I  can 
only  add  that  his  book  was  printed  in  1684*.  The  principle 
however  feems  to  have  been  pointed  out  before  by  Mariotte, 
who  bv  fome  is,  on  iliis  account,  conlidered  as  the  inventor; 
but  he  does  not  appear  to  have  entertained  any  idea  of  a  tire 
engine,  at  leaft  he  makes  no  mention  of  it  f. 

It  is  certain  that  the  air-chamber,  at  leaft  in  Germany, 
came  into  common  ufe  after  it  had  been  applied  to  thete 
encrines  by  Leupold,  who  conftru6ted  and  fold  a  great  many 
of  them.  In  the  year  1720  he  publilhed  an  account  of  iliem 
in  a  fniail  work  coniifting  of  a  fev/  iheets  in  quarto  :  but  at 
firft  he  kept  the  conftruCtion  a  fecret;  and  thofe  engines 
which  he  fold  confided  of  a  Itrong  copper  box,  entirely  Ihut 
and  ftrongly  foldered.  It  weighed  only  fixteen  pounds;  oc- 
cupied very  little  fpace;  had  but  one  cylinder;  and  one  man 
by  means  of  it  could  throw  the  water,  without  interruption, 
to  the  height  of  from  twenty  to  thirty  feetj.  About  the 
year  1725,"Du  Fay  faw  one,of  thefe  machines  of  Leupold  at 
fetralburgh.  He  conceived,  as  he  fays,  its  conftruftion,  and 
made  it  known  in  the  Tranfaclions  of  the  Academy  of  Sci- 
ences for  172^5.  It  is  verv  lingular  that  Du  Fay  makes  no 
mention  of  Mariotte,  nor  of  the  engine  prcferved  in  the 
"kintr's  library  at  Parish.  Leupold  however,  fo  early  as  the 
year  1724,  gave  a  figure  and  defcription  of  his  engine  in  his 
Tbeatrum  M  chin.  ^-UdrauUcurum.  vol.  i.  p.  120.  tab.  45. 
£g.  2.,  which  w:as  not  known  to  the  French  author. 

An  ufeful  improvement  of  this  engine  conliits  in  the  hofe 
added  to  the  .engine,  which  can  be  lengthened  or  {hortened, 
and  to  which  tlie  fire- pipe  is  applied,  fo  that  the  perfon  who 
directs  it  can  approach  the  fire  with  much  lefs  danger.  This 
invention,    as   is   well   known,    .belongs  to  two  Dutchmen, 

*  I  pofTcfs  only  the  fcconci  cn:::rged  edition  of  his  ATcbiiciiine  d-.  Fi- 
trwve,  large  folio,  Avhere  the  account  js  to  be  found,  p.  318.  W'heth-.:!  it 
be  in  the  firft  edition  of  1^173,  1  do  not  knew.  Daniel  Bernoulli  has  given 
a  figure  and  defcription  of  it  lu  his  HjdrocUKamica,  Argentorati  173S.  410. 
p.  172.  fig.  51. 

f  The  pafifage  may  be  found  in  Iraitt  du  Moifucment  dcs  Eaux,  p-  4. 
dif.  i.  ;  and  in  Octrjra  dc  Marlvlte^  Leide  1717.  2  vol.  410.  i.  p.  4.^5. 
fig.  89. 

I  A:i  extrad  from  his  work  may  be  feen  in  Brfjlautr  Zamluvgin, 
verfuch  vi.  p.  ^035,  and  verfuch  vii.  p.  3-4. 

Q  4  both 
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both  named  John  van  dcr  Heide  *,  who  were  infpe(S:ors  of 
the  apparatus  for  cxtingiiiflung  fires  at  Anifterdani.  The  iirlt 
public  experiments  made  with  them  took  place  in  the  year 
1672,  and  were  attended  with  fo  much  fuccefs,  that  at  a  fire 
next  year  the  old  engines  were  ufed  for  the  laft,  and  the  en- 
gines with  moveable  hofe  for  the  Uril,  time.  In  the  year  1677 
the  inventor  obtained  an  exclufive  privilege  to  conftrucl  en- 
gines according  to  their  principle  for  twenty-five  years.  In 
the  year  1682  a  futrcient  number  of  thefe  engines  were  dlf- 
tributed  in  the  diilerent  quarters  of  the  city,  and  the  old  en- 
gines were  entirely  laid  afide.  In  the  year  1695  there  were 
in  Amfterdam  more  than  fixty  of  thefe  engines,  the  fix  of 
which  neareft  the  place  where  a  fire  broke  out,  were  required 
to  be  prefent  to  give  affifiance.  In  a  few  years  they  were 
common  in  all  the  towns  of  the  Netherlands. 

All  thefe  circumftances  have  been  related  bv  the  inventor 
himfelf  in  a  particular  work,  which,  on  account  of  the  ex- 
cellent copper-plates  in  it,  has  become  exceedinglv  fcarcef. 
The  firlt  feven  of  thefe  reprcfent  fome  dreadful  confia^rations, 
at  which  the  old  engines  were  ufed  without  producing  much 
effecl.  Among  them  is  the  conflagration  of  the  ftadt-houfc 
of  Amfterdam  in  the  year  1652.  The  twelve  following  plates 
are  reprefentations  of  fires  which  were  extingniihed  by  means 
of  the  new-  engines,  and  exhibit  at  the  fame  time  the  various 
ways  in  which  they  could  be  employed  with  advantage* 
According  to  an  annexed  account,  it  appears  that  the  city  of 
Amfterdam  loit  by  ten  fires,  at  which  the  old  apparatus  was 
ufed,  1,024,130  florins  ;  but  during  the  ten  following  years, 
w-hen  the  new  engines  were  introduced,  only  18,355  were 
loit  bv  forty  fires;  io  that  the  annual  faving  by  this  invention 
was  98  per  cent. 

The  internal  conftruction  of  thefe  engines  has  no  where 
been  reprefented,  nor  do  I  remember  to  have  read  a  paflaoe 
in  any  author  w-hich  proves  that  thev  were  furnillied  with 
an  air-chamber,    though   in   the   privilege  they  are  called 

■  *  In  the  privilege,  however,  they  are  called  Jan  ende  N:scluas  van  dcr 
Heyden. 

'  +  Befchryving  der  rieuwHjks  uitgevonden  en  geoftrojeerde  Slang- 
Brand-Spu  ten,  ea  haare  \\i;ze  van  Brand-BIulIen,  tegenAvoordig  binnen 
Amfterdam  in  gebruik  zijude. — Door  der  zelver  Invciiteur  Jan  van  der 
Heide  en  Jan  van  der  Heide  de  jonge,  generaale  Brandmeeiters  der  Stad 
Amfterdam.  Amfterd.  1690.  To  this  lubjedt  belongs  alio  the  following 
work,  a  copy  of  which  is  in  our  library  :  Befchryvins  der  Brand-orders, 
en  wiize  van  ErandbluiTcn,  tegenwoordig  binnen  Amfterdam  in  gtbiuik 
ziinde,  door  Jan  van  der  Keidc,  en  Jan  van  der  Keide  de  Jonge, generaale 
Brar.dmtel^^ers  der  zelvcr  Steede.  Amfierd.  1695;  one  Ihcet  and  a  half 
410.  with  four  plates,  and  a  defcripnon  of  them.  One  of  thefe  defcriptior.s 
is  inffrted  in  the  Lcipfic  Fire  PvCgulations  for  the  year  1789.  4to. 

/pouting 
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(pouting  engines^.  The  defcription  even  of  the  leather  pipe, 
or  hofe,  is  very  fliort  and  defe«5live ;  probably  with  a  view 
to  render  it  difficult  to  be  imitated  :  it  is  only  faid  that  it  was 
made  in  a  peculiar  manr>er  of  leather;  io  that  it  was  not 
onlv  thick,  but  could  withftand  the  force  of  the  water  f. 

The  conveyer  or  brineer  was  invented  alfo  in  H'oliand 
about  the  fame  time.  This  name  is  given  at  prefent  to  a- 
box  which  has  on  one  fide  a  fuckins:  pump,  and  on  the  other 
a  forcing  pump.  The  former  ferves  to  raife  the  water  from 
a  ftream,  well,  or  oi  -^r  refervoir,  bv  means  of  a  itiif  hofe, 
the  extremity  of  which  is  furniihed  with  a  metal  ftrainer  to 
prevent  dirt  from  entering  it,  and  vv-hich  is  kept  fufpended 
above  the  mud  bv  means  of  a  piece  of  cork.  The  forcing 
pump  forces  the  water  thus  drawn  up,  through  another  hofe, 
into  the  engine,  and  thus  renders  unneceliary  the  labour  of 
fupplving  it  with  water  by  means  of  buckets. 

At  firit,  indeed,  this  machine  was  very  limple.  It  confiftGd 
of  a  leather  hofe  Icrewed  upon  the  engine,  the  end  of  which 
widened  into  a  kind  of  bag  fupported  near  the  refervoir,  and 
kept  open  bv  m^eans  of  a  frame;  and  the  labourers  poured 
water  into  it  from  buckets.  The  Van  der  Heides,  hov/ever, 
had  for  this  purpofe  employed  a  pum.p  which  they  called  a 
fn.ike  pump,  and  by  which  thev  could  raife  the  water  upwards 
of  a  thoufaitd  feet.  But  how  it  was  cGnftru6ted  1  no  where 
fnd  mentioned:  from  the  figure,  I  fhoi'^ld  almoft  conjecfure 
that  they  ufed  only  a  cvlinder  with  a  lever.  They  fometimes 
alfo  placed  a  portable  pump  in  the  water,  and  thus  raifed 
water  into  the  annexed  hofe,  which  conveyed  it  to  the  en- 
gine. Every  leather  pipe  employed  for  condu<Sling  water  they 
called  a  zuater  fnake;  and  thefe  were  not  made,  as  the  hofe 
of  the  fire  engine,  of  leatlier,  but  of  fail-cloth  :  thev  liowever 
fay,  that  for  this  purpoie  the  fail  cloth  re(]uired  a  peculiar 
preparation  :|:,  which  confifted  in  making  it  water  proof  by 
applying  to  it  a  certain  kind  of  cement.  The  hofe  alfo  throush 
which  the  water  is  conveyed  mult  be  ttjffened,  and  diltendcd 
by  metal  rings  ;  otherwife  the  external  air  on  the  tirft  ftroke 
of  the  pump  would  comprefs   the  hofe  fo  that  it  could  admit 

*  Slang-Brand-Spuvten,  beitaande  in  een  gcdnirig  ftralende  Brand- 
Spuit,  met  een  buygeiijke  buys  daar  aan,  cm  haar  gednante  ecn  SLirg 
genaamd,  die  nnen  kan  verlangcn  naareyfch  erdc  wcJgtvallen. 

t  P^gc  6.  Slang,  of  Spuit-Slangen  van  leer  gcmaakr,  dat  op  een  by- 
zondere  wyze  bereid  en  zaamen  gevoegt  word  om  dicht,  beftendig  en  re- 
gen't  geweld  van't  water  bcftand  te  zvn.  In  the  French  explanation  of 
ihe  pl^iCes  thele  new  engines  are  called  povipr.s  a  l/oyaiix. 

i  Page  5.  Water- Siang,  zyn-^e  een  large  en  bnjggelykc  buis,  van 
zeker  fcor:  van  dock,  hier  toe  byzcnderlyk  btrcid,  gcmaakc. 

into 
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into  it  no  water.  It  is  here  fccn  that  the  life  of  fail-cloth 
hofe  is  not  fo  modern  an  invention  as  fome  have  luppofed. 
That  our  apparatus  for  conveying  water  to  the  fire  engine  is 
much  more  ingenious  and  convenient  muft  he  allowed  ;  but 
I  would  Itrongly  recommend  that  in  all  cities  there  flionld 
be  pumps  or  running  wells  of  water,  to  the  fpout  of  which 
the  one  end  of  hofe  mio;ht  be  fixed,  whi!-e  the  other  is 
fcrewedupon  the  engine.  The  Van  der  Heide  reckoned  U  an 
advantage  in  their  invention,  that  this  apparatus  rendered  it 
tmnccciiarv  to  have  leathern  buckets,  wLich  are  expenfive;  or 
at  leaft  leiiened  their  number,  as  well  as  that  of  the  worknjen, 
■  From  this  information,  the  truth  of  which  cannot  be 
doubted,  we  may  readily  believe  that  engines  wiih  hofe  v.ere 
not  invented  in  the  year  1697  by  Gottfried  Fuchs,  fire  di- 
rector at  Copenhagen,  as  was  however  publicly  aifertcd  in 
1717;  with  this  addition,  that  the  invention  was  foon  after 
employed  in  Holland  and  at  Hamburgh  ^.  Fuchs  feems 
onlv  to  have  introduced  into  Denniark  the  invention  of  the 
above  Dutchmen  at  the  time  of  the  great  fire  on  the  19th  of 
April  1689,  ^^^^J^  tlie  opera  houfe  at  Amalienburg,  with 
znore'than  130  pcrfons,  as  well  as  the  beautiful  palace  of 
Amalienburo;,  were  deltroye<l.  We  arc  at  leaft  told  in  hii- 
toryt,  that  tliis  event  gave  rife  to  an  improvement  in  the  ap- 
paratus for  extinguifliing  fires,  and  to  a  new  ordinance  of 
the  23d  of  July  of  that  year  refpe^ting  fires,  as  well  as  to  the 
introduction  of  fire  engines  with  bole;  which  however  had 
been  employed  at  Amfterdam  more  than  a  dozen  of  years 
before. 

Hofe  or  pipes  of  this  kind  for  conveving  water  were  not, 
however,  unknown  to  the  antients.  1  he  architect  Apollo- 
ilorus,  at  leafi,  fays,  in  the  paffage  already  quoted,  that  to 
convey  water  to  elevated  places  expoled  to  fiery  darts,  inftead 
of  pipes,  the  bowels  of  an  ox  might  be  employed,  having  at 
the  one  end  a  bag  filled  with  water,  v.hich  being  comprelied, 
the  V.  ater  will  be  forced  through  the  inteftines  to  the  place  of 
its  deltination  X'  Thefe  were  conveyers  of  the  fimpleft  con- 
ftruclion. 

Am  oner 

o 
*  Brellauer  SamkTng  1717.   i  vevfucb,  p.   loS.    Pafchii  Inventa  rov,- 

antiqua,  p.  668.     W.  G.   Hclit:   Abhandi.   zu  Verbtlierung  dcr   Fcuei- 

ipriiizen.   Gotha  177S,  8vo.  p.  7. 

f    Al^emeine  Vv'ekhiftorie,  th.  33.  p.  63 t. 

+    PoUcrcet,    p.  32.      Kara  oi  tol  TTfoaeiixEve.  roi; 'KVfctsXei;  fxsf^,  dVTi  fl-JuX?;'-'*;?, 

Mat  b\iGo(j.f/oi  (iva<\-£:c'jri.     lu  j  2rtibi::s  aurtm  cu;-e  <xpcliiae  iunt  telis  inctn- 
diariii,  pro  tubis.  bourn  intciuna  habere  oportet,  quie  aquam  in  lublime 

d  etc  rant. 
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Among  the  neweft  methods  of  improving  the  hofe  of  fire 
engines,  is  that  of  weaving  them  without  a  feam.  In  tbe 
year  1720  fome  of  this  kind  were  made  at  Leipfic,  cf  hemp, 
by  one  Beck,  a  lace-weaver,  as  we  are  told  by  Leupold  in  his 
before-mentioned  account  of  fire  enjrines,  printed  in  that  year. 
After  this  tliey  were  made  alfo  bv  Erk,  linen-weaver  at  \Vei- 
mar;  and  at  a  latter  period  they  were  made  of  linen  at  Dref- 
den,  and  alfo  in  Silefia  *.  At  prefent,  Gegner  and  Ehrhholzer 
have  a  manufactory  at  Bethnal  Green  t,  where  they  make 
water-tight  hofe  without  feams.  Alfeiror  Mogling  has  caufcd 
fome  of  the  fame  kind  10  be  manufactured  on  his  eitate  near 
Stuttgard  on  a  loom  ini'ented  bv  himfelf,  and  which  are  no\^^ 
uied  on  manv  of  the  towns  of  Wurtemberg  i.  I  Tnall  here 
take  occafion  to  mention  a  kind  of  loom  on  which  Brauii 
caufed  fhirts  without  feams  to  be  \\ove,  iimilar  to  thofe 
fometimcs  brought  from  India  as  curicfities,  and  of  whidi' 
he  gave  a  particular  defcription,  with  an  eneravin2:§. 

I  fhall  in  the  laft  place  obferve,  that  notwithitanding  the 
belief  of  the  Turks  in  predeftination,  the  ufe  of  tire  engines 
has  been  lately  introduced  at  Conltantinople  by  Ibrahim 
Eifendiil. 


XLI.     Dcfcnptkn   of  a    vezi^    Eleclrcmeter,       Bj    Henrt 

Law  SOX,  Efq. 

SIR,  To  JSlr.  T'dloch, 

JIjLS  the  following  defcription  of  an  inftrmnent,  which  ai>- 
fvvers  its  purpofc  very  well,  mav  prove  acceptable  to  the 
public,  I  fend  it  to  you  for  infcrtion  in  the  Philofophical 
Magazine. 

Some  time  aa:o  it  ftruck  me  that  fome  additions  to  Brooks's 
electrometer  might  be  madefo  as  to  fit  it  for  a  good  difcharo- 
ine:  eleclrometer  to  meafure  the  renuHion  betw'een  two  balls 

deferanr.  Anre  hajc  intellina  utres  sqoa  pleni  coliocantur,  qui  ;>relli 
aq  lam  furfum  emirtunr. 

*  Lcipzii/er  Intelligirnzblatt  1775.  p  345;  and  1767.  p.  69;  Tcutlcher 
Merkur  1785. 

f  The  linvirons  of  London,  by  Daniel  Lyfjns;  Lend.  1792 — 1796. 

X  W.  G.  Rippolt  liber  die  St:irke  rund  gewebter  Seile,  Tubingen  1795. 
8vo.  Phyrikal  okonom.  Bibliotlick  xi.x.  p.  z;8. 

§  Veftitus  SacerdoTum  Htbrxorum  ;  Ainf^c!.  T701.  410.  i.  p.  273.  A 
great  deal  of  ulefol  information  rcrpeftin":  improvements  in  tlie  apparatus 
for  excinguiftiing  tires  may  be  found  in  Aug.  Niemann  Ucherjicbt  dcr  Si- 
cbcrungs7ni:tc! ^<gtn  Feuersgefahren  ^M^iTCihxxvgwnd.  Kiel  1796.  Svo.  See 
Pbvjtkalolonom.  Bihltotbek  xix.  p.  412. 

11  Bufchings  Era bcfchrei bung.  ii.  p.  673. 

(of 
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^of  a  certam  fize)  in  grains,  and  alfo  ^ffecl  the  difcharge  of 
a  batterv  at  the  lame  time.  1  he  inftrmnent  known  by  the 
name  of  CiUhbertfon's  difcharging  elcclrometcr  was  at  that 
time  the  belt,  and  indeed  the  onlv  inilrament  fur  difcharging 
"batteries  or  jars  by  its  own  ai^tion,  then  made  ;  but  I  think 
this  will  be  found  in  the  cffcntials,  aiKi  in  the  tiieory  and  ufe, 
a  more  perfect  initrument. 

On  the  bafe  S  (tig.  I.  i-late  VT.)  is  fixed  theglafs  pillar  G, 
fapportins  the  hollow  brafs  ball  B,  T,  is  a  light  graduated  hrafs 
tube  divided  (from  the  weight  W  towards  the  ball  E)  into  thirty 
parts,  rcprefent'ng  irrains.   W.  is  a  fiiding  weight.    L,  a  liglit 
brafs  ball  fcrewed  to  the  end  of  the  tube  T,  on  the  other  end 
(^.f  which  tube  adjufts  the  heavy  counter  balance-ball  C,  the 
tube  T  and  its  two  balls  beinir  ruf|)ended   at  tb^ir  common 
centre  of  gravitv  bv  a  (ilk  line  in  the  centre  of  tlie  bail  B,  tli^ 
liiechamfm. of  which  is  (liown  in  iig.  2.     The  brafs  ball  F  is 
ftationarv,  and  of  the  fame  lize  as  the  ball  L,  and  is  fixed  by 
a  brafs  arm  to  the  ball  B.     The  adjufting  ball  A  is  alfo  of  the 
feme  fize,  and  adjulk  clofe  to  the  ball  L,  or  at  any  lower  itation 
between  thai  and  the  ring  r.  The  brafs  tube  to  which  the  ball  A 
is  fixed  is  divi^iled  into  inches,  halves,  and  quarters  :   (a  more 
minute  divifion  is  unneceifary  and  improper.)     The  divifions 
betj;in,  or  the  o  line  is  marked,  on  the  faid  tube  at  the  ring  r, 
when  the  three  balls  A  L  F  are  clofe  together.     The  ring  r 
ferves  as  an  index,  as  the  divifious  pafs  in  fucccffion  into  the 
iilafs  tube  i^  on  lowering  the  ball  A.    The  hook  H  is  fcrcwed 
mto  the  bafe  of  P.     The  quadrant,  or  Henley's  eleoiromc- 
tcr,  Q,  is  iupported  on  a  long  brafs  ftcm  to  keep  it  out  of  the 
atmofphcre  of  the  lower  part  of  the  inftrument.      Fiij,  3^ 
{hows  the  internal  conilruciion  of  the  ball  B,  fig,  i.     In  the 
firft  place,  the  ball  fcrews  in  )ialf,  horizontally.     The  light 
tube  T  pafles  through  the  ball,  and  is  fufpended  nearly  in  the 
centre  of  it  bv  fome  filk   twill  s,  winch  fmall  filk  twift  is 
fixed  into  the  eve  of  the  adjufting  wire  a^  part  of  which  v/ire 
is  filed  fquare  and  goes  through  the  fquare  hole  h.     The 
nut  71  fcrews  on  a,   and  ferves  to  adjuft  the  light  tube  T  ver- 
tically.      The   lifiht  plates^  P  P  are  of  copper,    and   move 
f^^^ly  on  the  wire  zu -jj  fomewhat  like  a  hinge,  and  reft  on 
the  copper  wires  CC,  ferving  to  make  the  dire6f  communi- 
cation between  the  infide  and   out  of  the  battery  or  jar. 
N  JV  are  notches  ferving  to  Jet  the  tube  T  defcend  v.  hen  the 
<li{charfre  is  made.   Into  the  tube  Z  the  glafs  pillar  is  ground. 
Note,  that  at  the  bottom  of  the  notch  N  is  a  piece  of  brafs 
filed  with  a  Y,   and  fo  placed   as  to  keep  the  centres  of  the 
balls  L  and  F.  fig.  i,  under  each  other  wiien  they  come  clofe 
together. 
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\Vlicn  the  inftrument  is  adjufted,  which  is  done  bv  placing- 
the  weight  W,  fio;.  .1,  at  o  011  the  line  of  grains,  and  then 
fcrewin<2;  or  unicrewing  the  counterbalance  ball  C,  till  the 
tube  T  rifes  (lowly  into  its  horizontal  po(iti6n  ;  then  fet  the 
hall  A  at  the  diftancc  from  tlie  bii-li  L  that  vou  choofe,  and 
the  weight  W  placed  at  the  divition  or  number  oi  grains  that 
you  wilh  the  repuHive  power  of  the  electricity  to  arrive  at 
before  the  d'^fcharge  is- made  :  this  being  done,  connect  the 
battery  or  jar  wilh  the  baH  B  by  means  of  the  wire  r,  the 
end  of  wl)ich  goes  into  B  at  the  hole  X,  and  fhould  ftand  at 
riglit  angles  to  B,  the  bail  of  v  reuingr  on  the  batten^ :  fchen, 
eonnecl:  the  outfide  of  tlic  battery  or  jar  with  the  hook  H; 
as  the  batterv  charges,  the  electrometer  Q  continues  to  rife; 
and  when  it  is  fo  hicrhlv  charged  that  the  repulfive  power  be- 
tween the  balls  L  and  F  is  equal  to  the  number  of  grains  at 
which  the  weigiit  W  was  placed,  the  ball  L  will  defcend,  and 
deliver  the  charge  of  the  batter\'  to  the  ball  A.  The  fubftance 
or  thina;  throuyrh  which  the  iliock  i-s  intended  to  be  paiTed^ 
muft  form  part  of  the  commun-icatioii  between  the  hook  K 
and  the  outf.de  of  the  batterv  or  jar. 

It  is  evident,  from  coniidering  the  inltruniCnt,  that  it  Is 
attended  with  thefc  excellences ;  that,  the  w'hole  being;  com- 
pact, the  electric  atmofphcre  mull  be  fo  alio;  that  it  hasr- 
but  one  infulitton  to  depend  u-pon  ;  that  the  equilibrium  of 
the  divided  arm  and  ba-U  may  always  be  adjuited,  confe- 
quentlv  the  weig;ht  nlt-d  known  tea  certanUv  r  3nd  the  hoQJc 
tor  communicatino^  with  the  outfide  of  the  b'atterv  bein(* 
placed  on  the  foot  of  the  inftrument,  the  communication  mav 
be  made  by  wires  hang  on  tlje  tabic ;  whicli  are  bv  far  the 
beft  mode  of  coii-du6ling  (hocks,  as  chains,  by  the  imperfeot 
eon.nection  of  their  links  (e(]oecial!y  it"  long),  very  often,  and 
without  beiiig-  fu-fpefted,  hinder  the  fuccefs  of  many  very 
ucll  concerted  experiments. 


XLII.  Dcfcription  of  an  improved  Chemical  Apparatus  for 
prejervinv  Jeparaie  the  Gajeous  Products  evolvcdi,  in  many 
Frocefjes',  by  which  aJfo  Abjorph^n  is  completely  prcueyitcdl. 
and  Liquids  may  be  jironp-ly  i7?jprc?rnafed  with  the  dipjerent 
Gafcs.      By  \\\  H/Pefys  jzm.  E/q.'^ 

X  HE  chemift,  in  his  various  refearchcs  into  the  compo- 
fition  and  qualities  of  the  numerous  fubltances  prefented  by 
Nature,  had  long  to  regret  the  want  of  an  apparatus  capable 

*  Communicated  by  the  Author. 
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of  preferving  all  the  g-afeous  as  well  as  liquid  products  evolvea 
from  them  daring::  his  experiments.  The  apparatus  invented 
by  Woulfe,  and  which  will  immortalize  his  name,  was  the 
iirft,  and  indeed  may  be  faid  to  be  the  only  one  yet  made 
known,  calculated  at  all  to  anfwer  fo  defirable  an  end :  but 
it  had  defects  ;  and  though  fome  of  them  have  been  removed 
'  by  fubfequent  improvements,  ftill  it  has  its  imperfections. 
Every  chemifl:  will  readily  perceive  that  I  have  in  my  eye  the 
inconvenience  experienced  on  changes  of  temperature  :  if  ab- 
forption  take  place  between  the  retort  and  receiver,  a  portion 
of  liquid  from  the  firft  Woulfe's  bottle  ruflies  into  the  re- 
ceiver; or,  if  the  tube  of  Welter  is  ufed,  an  undetermined 
quantity  of  atmofpheric  air  finds  admiffion  to  fupply  the  va- 
cuum thus  formed. 

To  obviate  thefe  inconveniences,  in  a  train  of  experiments, 
in  which  I  was  engaged  in  the  year  1798,  on  the  oxvmuri- 
atic  acid  and  its  compounds,  after  thinking  of  different  con- 
trivances, it  Ilruck  me  that  I  fhould  be  able  to  accompliffi 
what  I  had  in  view,  by  procuring  an  adaptor,  mounted  with  a 
glafs  valve  (fimilar  to  that  ufed  m  the  improved  Nooth's  ap- 
paratus), and,  at  the  end  furnifhed  with  the  valve,  ground 
into  a  tubulated  receiver  ;  and  then,  by  means  of  a  bent  tube, 
contiefting  the  upper  opening  of  the  adaptor  with  a  feries  oi 
Woidfe's  bottle?:.  By  means  of  this  apparatus,  which  was 
executed  agreeably  to  my  in{tru6lions  by  Mr.  Blades,  I  was 
enabled  to  form  the  pureft  oxvmuriates  without  the  fmallefl 
rifque  of  any  accident  from  abforption. 

By  another  modification  of  the  apparatus,  in  which  the 
woulfes  were  difpenfed  with,  I  obtained  fome  of  the  fined 
cryflals  t)f  oxvmuriate  of  polaOi  I  have  ever  feen,  without 
the  fmalleft  portion  of  gas  eicaping — a  clrcumitance  of  no 
fmall  moment;  oxymuriatic  gas,  as  every  one  knows,  being 
extremely  noxious.  In  this  arrangement,  two  additional 
adaptors  were  joined  to  the  one  ground  into  the  receiver 
and  furniflied  with  the  valve  as  already  mentioned;  and  the 
uppermoft  adaptor  was  furnidied  with  a  tube  leading  into  a 
pneumatic  apparatus;  or,  when  the  redundant  gas  was  not 
to  be  preferved,  into  a  chimney.  By  employing  the  appa- 
ratus in  this  form,  every  bubble  of  gas  has  to  pafs  through 
the  three  adaptors,  and  experiences  a  confiderable  agitation 
alon""  with  the  liquor  employed  in  them  ;  the  gas  forcing  the 
liquid  from  the  lov/eft  into  the  fecond,  and  from  tliat  into 
the  uppermoft  adaptor, — till,  a  portion  of  it  being  taken  up 
bv  the  fluid,  and  the  lower  orifices  of  the  upper  adaptors 
being;  at  times  left  quite  free,  the  liquid,  following  the  com- 
mon law  of  gravity,  returns  to  occupy  again  the  lower  fi:a- 
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fion.  When  there  is  a  quick  and  plentiful  fiipply  of  o;as, 
the  whole  of  the  liquid  is  kept  in  continual  motion,  offerincr 
therebv  a  propartionally  large  furface  for  impregnation,  when 
that  is  the  object  in  view ;  as  when  it  is  willied,  for  inllance, 
to  impregr.ate  water  very  hiohlv  with  amnioniacal  aas  pro- 
cured from  the  fulphate  or  muriate  of  ammonia  bv  lime. 
The  quantity  of  liquid  employed  at  one  time  in  the  adaptor^*^ 
fliould  be  about  futecient  to  fill  the  lowed  one  full,  and  the 
middle  one  about  a  third  part. 

The  apparatus  of  which  I  have  been  fpeakincr,  which  is 
\^{i  expenlive  than  ground  woulfes,  not  fo  eafily  injured, 
and  more  readily  rep'laced  w  hen  anv  part  is  fractured,  I  have 
found  fo  extremely  ufeful,  and  applicable  to  fo  many  pur- 
pofes,  that  I  perfuade  mvfelf  fuch  a  defcrrption  of  it  as  will 
enable  anv  one  to  get  it  con(tru6ted,  will  be  acceptable  to 
many.  United  with  a  feries  of  woulies,  it  forms  one  of  the 
completed  apparatuses  that  has  vet  been  devifed  for  a  great 
variety  of  chemical  experiments;  for  it  is  not  propofcd  t(v> 
fuperl'ede  the  wouUes :  indeed,  when  g^eous  products  artj 
intended  to  be  palfed  through  a  varietv  of  liquids,  thev  will, 
in  many  cafes,  be  found  indifpenfably  requilite  *.  I  (liali 
take  the  prefent  opportunity,  now  that  we  are  Ipeaking  of 
WouHe's  apparatus,  of  mentioning  a  few  circumltances^ 
which,  having  found  iifeful  mvfelf  in  ccnliructing  a  feiies 
of  woulfes,  may  prove  equally  fo  to  others. 

Lavoifier  frequently  reoretted  the  wantof  a  perfect  Woulfe'ij 
apparatus,  the  ufual  method  of  manufacturing  which  is  by 
grinding  the  tubes  to  fit  ihe  l>ottles  after  the  tubes  have  been 
bent:  from  this  circumftance  it  generally  liappens  that  the 
bottles  have  no  equal  Itanding,  but  are  obliged  to  be  accom- . 
modated  to  the  bend  of  the  tubes  and  the  fitting  of  the  necks 
by  means  of  wedges  and  iupports  put  under  the  bottles^  which 
continuallv  expoTcs  the  tubes  to  the  rifque  of  being  broken 
during  the  adjulfment  of  the  parts.  To  remcd)-'  this  inconve- 
nience, when  I  want  tubes,  I  oaufe  them  to  be  ground  to  Mt 
the  woulfes  while  ftraight  (See  A,  fig.  4.  PlateVH.)^  I  then 
bend  them  into  two  angles  of  about  130^  or  140^,  juit  above 
the  ground  ftoppcr  parts  (See  B^  fig.  4.) :  then  taking  the 
two  bottles  to  which  tlie.  tube  has  been  groiind,   and  placing, 

*  In  other  cafes,  liowcver,  even  v-here  g'-ifes  are  to  i'^^fs  fhro'.^i.'-h  differ- 
ent liquids,  they  couki  be  difperifed  -with,  if,  as  Mr.  Chenevix  fjggcfled 
u'hcn  I  fho\ved  him  the  apparatus,  a  fet "of  adaptors  were  providco,  eacii 
furnillicd  with  a  valve,  like  the  Icweft  adaptor,  inilead  of  the  bent  tube  now 
attached  to  them.  The  gas  cvoivtd  might  by  this  means  be  made  to  pafs 
through  anv  number  of  adaptors,  which  would  i'ave  aiJ  it-.'z  trouble  attend- 
ing gl-^ls  tubes..  The  valve>,  however,  woiiid  coi^.li durably  ircrtaie  \\\^ 
cxpenfe. 
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tliern  on  a  true  plane,  and  heating  the  tube,  as  exa^lily  as 
I  can  in  the  centre  between  thefe  angles,  T  there  form  a  third 
angle  (C,  fig.  4.)  while  the  glafs  is  foft  and  yielding  '^, 
making  it  to  accommodate  itfelf  to  the  ground  necks,  in 
which  it  is  left  without  being  mov-ed  for  about  a  quarter  of 
an  [K)ur  to  cool  thoroughly.  If  moved  too  loon,  the  tube  is 
apt  to  alter  its  form.  In  this  manner,  tubes  may  be  bent, 
one  at  a  time,  for  a  range  of  any  extent ;  and  when  arranged 
afterwards  on  anv  plane  furface,  will  always  be  found  to  fit. 

I  fiiall  here  mention  a  kind  of  tubes  which  I  have  found 
extremely  convenient  on  many  occaiions :  I  mean  tubes 
made  of  elaftic  gum  or  caoutchouc.  They  are  compofed  of  a 
web  or  tube  of  wove  cat-gut,  coated  outfide  and  infide  with 
elaftic-gum  varnilh.  Thev  (land  the  action  of  moft  of  the 
jrafes.  Ether,  alcohol,  or  oils,  however,  would  deftroy  them. 
The  accommodation  they  yield  is  very  great;  as  the  woulfcs 
may  be  agitated  or  moved  in  any  direction,  and  may  be 
placed  on  the  moft  uneven  furfaces.  Thefe  tubes  are  fitted 
into  corks  previoufU'  impregnated  wkh  wax  or  tallow ;  and 
when  tliey  are  to  be  made  ufe  of,  I  firft  put  a  ring  of  elaflic- 
gum  (a  neck  of  a  gum  bottle)  over  each  neck  of  the  woulfe, 
but  fo  as  to  fland  a  little  higher  than  the  glafs,  forming  a 
kind  of  wall  round  the  cork  and  tube,  to  receive  melted  v/ax, 
or  lute,  to  fccure  them  in  their  places. 

Defcrlpt'ion  of  the  improved  Apparatus. 

Fig.  I.  (Plate  VII.)  A,  the  retort  joined  to  a  tubulated 
receiver  B.  C,  the  adaptor  ground  into  the  neck  of  the  tu- 
bulated recel\er,  and  furnifhed  with  a  glafs  valve  made  in 
the  fame  manner  as  thofe  ufed  in  the  improved  Nooth's 
apparatus.  D,  woulfes,  joined  to  the  adaptor  to  receive  the 
unabforbed  gas :  and  E,  a  bent  tube  to  carry  the  gas  that 
may  ftill  paf>  unabforbed  either  into  a  pneumatic  apparatus 
or  into  a  chimney. 

Fig.  2.  the  valve  on  a  larger  fcale,  and  inferted  in  the  neck 
of  the  adaptor.  It  confilh  of  an  internal  tube  of  fmall  ca~ 
libre  but  prctiv  ftout  in  fubftance,  and  ground  into  an  exte- 
rior tube  ciofed  at  tlie  upper  end,  but  perforated  with  feveral 
fmall  holes  to  allow  the  gas  to  pafs.  After  the  internal  tube 
is  ground  to  lit  the  external,  a  portion  of  it  is  cut  out  (as  at  <.) 

*  If  the  tubes  are  not  vcty  thick,  the  heat  from  a  flare  lamp  of  tallow 
and  cotton-v.ick  is  iuflicient  for  the  purpoil.  VVMien  the  tubes  are  thick 
I  prefer  a  charco?.!  fire  made  in  a  black  itad  crucible,  acrofs  which  the 
tubes  may  be  enfilr  heated  to  the  required  degree.  Whichever  of  thefe 
methods  be  followed,  the  heat  fhould  not  be  applied  too  fuddenly  ;  nor 
flxould  the  tubes  be  blown  unor»,  or  cxpofed  to  a  low  temperature,  to  cool 
tliein  hfuiiiy,  as  by  liich  treatins.nt  the}-  are  apt  to  fiv. 
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fufficient  to  receive  a  fmall  hemifphere  of  glafs,  and  to  allow 
the  hemiiphere  to  rife  a  little  ia  its  fmall  chair/oer,  but  not 
to  turn  over  in  it.  The  upper  piece  of  the  internal  tube  is 
thenthruft  home  to  the  place  in  which  it  is  to  remain,  and 
the  glafs  hemifphere  introdaced,  with  its  plane  incumbent  on 
the  upper  end  of  the  lower  piece  of  the  internal  tube^  which  is 
ground  perfectly  flat,  as  is  alio  the  plane  of  the  hemifphere. 
From  the  conltruction,  it  is  obvious  that,  by  the  upward 
preliure  of  anv  gas,  the  glafs  hemifphere  may  be  raiffd  fo  as 
to  allow  the  aeriform  fluid  to  pafs  into  the  adaptor,  but  that 
there  can  be  no  return  of  anv  thing  into  the  receiver  even 
when  a  partial  vacuum  takes  place  in  it;  and  the  greater  the 
excefs  of  the  expanlive  force  or  prelfure  exerted  at  anv  time 
in  the  adaptor  over  that  maintained  in  the  retort  and  receiver, 
the  clofer  docs  the  valve  become. 

Fig.  3.  two  adaptors,  A  and  B,  ground  to  fit  into  ^ach  other^ 
and  alfo  to  fit  into  C  of  fig.  t.  Any  number  may  be  fitted 
to  each  other  in  the  fame  manner.  By  this  apparatus  liquids 
may  be  highly  impregnated  wiih  the  gafeous  products  evolved 
during  diftillations.  The  bent  tube  T  is  for  the  purpofe  of 
conveying  the  fuperabundant  gas  to  a  chimney  or  to  a  pneu- 
matic apparatus. 

Fig.  4.  improvement  in  the  mode  of  fitting  the  glafs  tubes 
in  a  Woulfe's  apparatus.  This  has  already  been  fufliciently 
explained. 


XLIII.    Life  0/ Joseph  Toaldo,  Prrfeffor  of  Aftronomy 
and  Meteorologj  at  Padua, 

cl  OSEPH  TO  ALB  0,  whofe  merit  as  a  philofopher  and 
meteorologift  is  well  known  in  all  the  civilized  countries  of 
Europe,  was  born  on  the  nth  of  July  1719  at  San  Lorenzo 
di  Pianezza,  a  fmall  village  near  Maroftica,  at  the  foot  of 
the  Alps,  in  the  valleys  of  Vicenza.  The  firft  part  of  his 
education  he  received  from  various  ecclefiaftics,  who  gave 
him  an  early  tafie  for  the  fciences,  and  accuftomed  him  to 
diligence  and  application.  In  the  year  1733  he  was  fent  to 
the  feminary  of  Padua,  where  he  ftudied  Latin,  rhetoric, 
philofophy,  and  theology,  but  in  particular  the  mathema- 
tics. Here  he  took  the  degree  of  do6lor  of  theology,  and 
was  deflined  for  the  place  of  a  teacher  in  the  fame  inltitution 
in  which  he  had  been  inftru6led.  About  this  period  he 
began  to  diltinguifli  himfelf  as  a  writer.  The  firft  literary 
labour  he  engaged  in  was  a  new  edition  of  the  works  of  Ga- 
lileo, to  which  he  added  various  fragments  never  before  pub- 
VoL.  XL  R      "  Hlhed 


258  Ufe  of  Jofeph  Toaldo, 

lifhed,  together  with  annotations  and  a  prcf\ice.  This  edi^ 
tion  contained  alfo  the  celcbnited  dialogues  refpe^ling  the 
fyflem  of  the  world.  As  one  of  the  mailers  of  the  above 
feniinary,  he  taught  grammar,  rhetoric,  philofophv,  and 
mathematics ;  and  here  he  firft  introduced  the  infinitefimal 
calculus  according  to  the  principles  of  his  preceptor  Siizzi, 
one  of  the  niofl  celebrated  analvrts  of  Italv.  \r\\s  fervices  to 
this  eftablHhment  were  foon  rewarded  by  the  archbifhop  with 
the  benefice  of  Montegalda,  which  lie  enjovcd  for  fourteen 
years.  Though  this  place  engaged  a  great  deal  of  his  atten- 
tion, it  allowed  him  fufficient  leiiure  for  continuing  his  ma- 
thematical {Indies,  which,  on  account  of  the  different  occu- 
pations of  his  academical  office,  he  had  not  been  able  to 
purfue  with  that  attention  which  he  wiflied.  He  however 
exchanged  this  benelice  for  another  more  convenient,  after 
he  had  been  invited  by  the  fenatcof  V-^enice,  in  the  year  1762, 
to  take  upon  him  the  vacant  profeflbrfliip  of  aftronomy  and 
meteorology  in  the  univerfitv  of  Padua. 

In  this  infiitution  he  found  it  neccfiTary  to  make  a  great 
many  changes  in  order  to  render  his  inftruclion  ufeful.  The 
firli  thing  to  be  done,  according  to  the  fyftcrri  which  he  pro- 
pofed,  was  to  erert  an  obfervatory.  The  curators  of  the  uni- 
verfity  complied  with  the  requefl  which  he  made  on  this  fub- 
jeft,  and  intrutied  to  him  the  care  of  drawing  up  the  plan 
and  fuperintendisig  the  conltruftion  of  the  building.  On 
this  account  he  undertook  a  tour  through  Italy  lor  the  pur- 
pofe  of  infpccfing  the  principal  obfervatories,  that  he  might 
be  better  able  to  devife  a  plan  for  that  of  Padua.  The 
foundation  of  this  obfervatorv  was  laid  in  the  year  1767,  and 
in  1774  it  was  completed.  Ue  wow  procured  an  excellent 
quadrant  from  "England,  which  he  employed  for  making  ob- 
fen-ations  in  conjunction  with  his  nephew  and  affiitani  Chi- 
mineilo.  To  fupply  the  ^-ant  of  good  clementarv  books  he 
publilhcd  a  fliort  view  of  plane  and  fpherical  trigonometry, 
with  tables,  under  the  title  of  Tavole  Tngonometruhc^  con 
una  Inh'oduzione.  que  cont'iaie  un  CompcTidio  di  TrigomjTnetr'ia 
plana  efpberka,  appl'icata  alia  Prafica,  c&n  7?ioite  alive  Tavole \ 
Padua  1769.  4to.;  which  was  afterwards  reprinted  and  in- 
troduced into  many  of  the  Italian  feminaries. 

This  work  was  foon  followed  by  another  on  the  influence 
of  the  heavenly  bodies  on  the  weather  and  atmofphere  ;  which 
greatly  contributed  to  extend  his  fame  as  a  philofopher,  and 
v.'hich  contained  the  refult  of  a  long  feries  of  meteorolo2;ical 
obfervations  made  by  him.  The  original  title  is,  Delia  "vera 
hijlucn%a  degl'i  Ajiri  jielle  Stagioni  e  Mutazhni  di  Tevipo^ 
Hagg'io    vkctc'jrQlng'ico  Jondaio  Jopra    hwghc    Ohjcrvazioyii ; 
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Paclua  1770.  4to.  This  work,  which  made  the  author  known 
throughout  all  Europe,  was  tranflated  intoditi'crent  laniiua2;es, 
and  procured  for  him  admiliion  into  various  learned  focieties. 
About  the  fame  time  he  publiflied  fome  efTays  in  favour  of 
cieclrical  onduolors,  manv  of  which,  in  confequcnce  of  his 
recommendation,  were  erecled  in  the  Venetian  territories  ; 
alio  a  chronoiotrical  view  of  uncommon  changes  in  the  wea- 
ther, with  tables  of  the  ftate  of  the  barometer,  and  flux  and 
reflux  of  the  iea.  In  the  year  1773  he  began  his  meteoro- 
logical journal,  which  he  continued  till  his  death.  In  the 
year  1774  his  celebrity  was  itill  further  increafed  by  his  an- 
fwering  a  prize  queilion,  propofed  bv  the  Academical  Societx' 
of  Montpcllier,  on  meteorology'  as  applied  to  aoriculture ; 
which  was  crowned  bv  the  above  fociety,  and  printed  in  Ro- 
zier's  Journal  ile  Pbyjique.  It  was  tranflated  in  almoft  everv 
country  of  Europe,  and,  together  with  the  author's  preceding 
work,  excited  general  attention  to  a  ftudy  v/hich  before  had 
been  much  neglected:  this  paper  contributed  alio,  in  a  con- 
liderable  dee;ree,  to  the  eftablifliment  of  the  Meteorolooricsl 
Society  of  Alanheim.  After  this  period  the  author  continued 
with  great  zeal  to  exert  himfelf  in  diffufing  meteorolocrical 
knowledge,  and  in  improving  meteorological  inftruments ; 
aiici-  in  1776  he  pubiilhed,  in  the  Economical  Journal  of 
iPenice,  an  extract  from  De  Luc's  Treitife  on  the  Barometer 
and  Thermometer,  by  v.  hich  the  conftruction  of  thefe  inftru- 
ments was  much  facilitated.  Next  year  (1777)  he  tranflated 
Lalande's  Aftronomical  Tables  and  his  Abrcge  da  V AJirono- 
mie,  as  he  did  afterwards  his  AjironGjnte  des  Dames ;  and  he 
erecled  a  marble  buft  of  that  eminent  aftronom.er  in  the  ob- 
iervatory.  After  this  time  his  attention  was  excluilvelv  di- 
rected tf)  aftronomy  and  meteorology,  and  he  in  particular 
endeavoured  to  confirm  more  and  more  his  doctrine  refpeclin^r 
the  influence  ot  the  moon  on  the  different  chancres  of  the 
W'Cather.  lie  publiflicd  alfo  an  hiftorical  view  of  the  fer- 
vice  rendered  by  the  Venetian  fchools  to  aftronomy,  geo- 
graphy, and  navigation.  In  the  year  1783  he  obtained,  in 
conjunction  with  his  nephew  Chiminello,  from  the  academy 
of  Manheim,  the  prize  for  the  heft  trcatife  on  the  conftruc- 
tion  of  a  comparative  hygrometer:  and  in  1784  he  pubiilhed 
a  fmall  work  on  finding  the  longitude,  De  Mc'lhodo  Lorigi- 
tudinum,  et  Ohjer-jatione  Tranjitus  Luna:  per  ]MeriJ:L:?i:i7n  ; 
which  was  much  approved,  particularly  in  Eno^land.  Erom 
this  period  he  y/rote  nothing  except  his  joLirnal  till  the  year 
1787,  when  he  publiilied  a  fmall  work  in  tv.o  iheets,  entitled 
Confronto  delle  Ragioni  coi  prhicipali  Prodotti  del! a  Cam- 
f^gna^  which  appeared  at  Venice.     Hi*  Tables  of  Vitality, 
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Ta-vole  di  Vitalita,  a  fiiinll  but  laborious  work,  was  printed- 
next  year  at  Padua  and  Venice, 

In  the  year  1788  he  undertook  a  third  tour*  to  Rome, 
Naples,  Triefle,  and  Tufcany  ;  during  which  he  examined 
llie  place  where  Hannibal  croflTed  tlie  Alps,  and  wrote  a 
paper  on  this  iubjcci,  which  was  ini'erted  in  the  fourth  vo- 
lume of  the  Tranfucl:ions  of  the  .•cademy  of  Padua,  oi 
which  he  had  been  a  member  from  the  time  of  its  eiiablilh- 
ment.  Next  year  he  introduced  the  French  clocks  at  Padua, 
and  publifhcd  a  treatiie  on  gnomonics,  and  refpecling  fche- 
dicfmata  ajironcjyiica,  the  eclipfg  of  the  fun,  and  the  paf- 
fage  of  Mcrcurv. 

Befides  theie  works,  the  public  were  indebted  to  him  for 
various  fliort  eifays,  pubnlhcd  Ibmetimes  in  his  own  journals 
xnd  printed  fomctimes  fcparately  :  fuch  as  a  fliort  treatife  on 
chronologv;  an  efl'av  on  the  extraordinary  winter,  toorether 
with  a  chronological  view  of  the  weather  in  general ;  feveral 
rcfearches  refpediting  the  continued  drought  of  the  winter  of 
the  vear  1779  ;  on  fogs,  and  the  influence  of  fiery  meteors; 
a  proonottication  of  the  weather  from  the  flight  of  birds; 
confiderations  on  a  new  cycle,  and  the  ftate  of  the  planets; 
general  rules  for  foretelling  the  periods  of  rain  and  wind  in 
the  Adriatic  gnlph,  from  an  obfervation  of  tlie  heavens. 
Other  papers  by  him  are  to  be  found  In  many  of  the  public 
Journals,  and  in  the  Traniat'^ions  of  learned  focletics.  The 
Journal  of  jModena  contains  his  defence  of  Leibnitz  againft 
De  Luc,  and  obfervations  on  the  falling  of  the  mercury  in 
the  barometer  during  rainy  weather ;  that  of  Pifa,  a  treatife 
on  the  influence  of  the  moon,  in  anfwer  to  the  objctSlions  of 
Frill.  Various  meteorological  and  philofophical  papers  writ- 
ten bv  him  may  be  found  likewife  in  the  Venetian,  Vicentine, 
and  Milanefe  journals,  in  fome  of  the  French  journals,  and 
m  the  TranladVions  of  the  Society  of  Manheim.  The  Phi- 
lofophical Tranfaftions,  thofe  of  the  Inftitute  of  Bologna,: 
and  of  the  Academy  of  Berlin,  contain  three  of  his  papers, 
VIZ.  De  jRjlu  reciprcco  Maris  Adriatici]  De  Calore  Lunari ; 
and  De  Ki  Lun^s  in  Atniofphceram^  ex  Ohferv ationihus  haro^ 
■metricis.  Some  of  his  aiironomical  obfervations  were  pub- 
lifbed  in  the  Memoirs  of  the  Academy  of  Sciences  at  Paris. 
The  TranfacStions  of  the  Academy  of  Padua,  however,  con- 
tain the  greateft  number  of  papers  written  by  this  diligent 
philofopher:  fuch  as,  a  deicripiion  of  an  aurora  borealis, 
with  a  ciironological  account  of  the  appearance  of  this  phse- 

*  Befides  the  tour  above  mentioned  for  infped'ng  the  Italian  cbferva- 
torles,  lie  had  undertaken  a  fecond  about  the  year  17 So,  through  Lorn- 
tjiniy,  i^eJmont,  and  to  the  coali  of  Genoa, 
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tiomenon  fince  the  time  of  the  Romans ;  a  determination  of 
the  loncritudc:  and  latitude  of  the  obfervatory  of  Padua ;  a 
treatife  on  ihe  phvfical  properties  of  the  atmofphere  in  dif- 
ferent places,  from  thermometrical  and  barometrical  obferva- 
tions,  and  from  the  phaenomena  of  vegetables ;  oblervation^ 
on  thunder;  rtfearches  refpecling  the  hear  in  feveral  pans  ot 
^taly,  from  the  latitude  of  41  1047^;  defcription  of  a  beautiful 
fire-ball  feen  on  the  iith  of  September  1784  at  Padua;  anc. 
a  great  manv  aftronomical  obfervations  made  in  conjunction 
with  Cluininello.  He  lett  behind  him  feveral  works  in  ma- 
nufcript,  among  which  were,  obfervations  on  ihe  travels  of 
Marco  Polo,  and  on  the  real  epoch  of  the  celebrated  Chinefe 
wall. 

Amidll  fuch  occupations  Toaldo  fpent  his  days  in  tran- 
quillity, notwithftanding  the  unhappy  ferment  which  prevailed 
in  his  native  couutrv  ;  and  might  perhaps  have  been  Hill 
alive  had  not  his  end  been  haftened  by  chagrin.  A  fruitlefs 
attempt  made  in  favour  of  a  young  man  who  had  been  de- 
prived of  his  ofiice,  gave  him  ib  much  uncafinefs,  that  he  firfl 
lolt  his  natural  vivacltv,  and  foon  after  felt  himfelf  indifpofed; 
on  the  7th  of  November  1797  he  was  attacked  by  a  nervous 
aflieftion,  and  died  on  the  nth,  in  the  79th  year  of  his  age. 

I'oaldo  was  of  fmall  ftature,  had  a  friendly  afpe6l,  and  in 
general  an  appearance  that  infpired  confidence.  His  conduct 
was  amiable,  his  deportment  eafv,  and  his  converfation, 
which  was  animated,  difplaved  great  knowledge  and  an  ex- 
tenfive  acquaintance  with  various  branches  of  fcience  :  fimple 
in  his  manners,  open  and  fmcere,  he  abandoned  himfelf  only 
to  the  foftcr  palTions,  an;i  feemed  to  have  no  other  ambition 
than  that  of  being  ufeful.  He  was  iteady  in  his  friendihip, 
alvi^ays  ready  to  do  good  offices  in  the  moft  dilinteretted  man- 
ner, and  indul2:ent  towards  everv  one.  To  the  talents  of  a 
literary  man  he  added  the  virtues  of  the  citizen,  and  there- 
fore was  univerfally  refpecfed,  efpeciaily  by  thofe  who  en- 
joyed his  intimate  acquaintance. 


XLIV.  Account  of  the  Difcovery  of  Coal  at  the  Cape  of 

Good  Hope  *. 
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N  molt  families  at  Cape  Town  a  flave  is  kept  exprefsly  for 
collecling  fire-wood.  He  goes  out  in  the  morning,  afcends 
the  fteep  mountains  of  the  peninfula,  where  waggons  cannot 
approach,  and  returns  at  night  with  two  fmall  bundles  of 

♦  From  Birroiui  I'rw.c'.s. 
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faggots  (the  produce  of  fix  or  eight  hours  hard  labour)  fvving- 
ing  at  the  fwo  ends  of  a  bamboo  carried  acrofs  the  fhouldcr. 

Some  families  have  two  and  even  three  flaves,  whofe  fole 
emj-iloyment  confifls  in  cHmbing  the  mountains  in  fearch  of 
fuel.  The  expenic  of  a  few  facrgots,  whether  thus  collecled 
or  purchaied  by  the  load,  fo''  preparing  viftuals  onlv,  as  the 
kitchen  alone  has  any  fire-place,  amounts,  in  a  moderate  fa- 
niilv,  to  forty  or  fiftv  pounds  a  year. 

The  addition  to  the  inhabitants  of  five  thoufand  troops, 
and  a  lar.rt-  fleet  ftalioned  at  the  Cape,  increafed  the  demand 
for  fuel  to  fuch  a  deeree,  that  ferious  apprehenfions  were  en- 
tertained of  fome  deficiency  fliortly  happening  in  the  fupplv 
ot  this  necefifin-y  a'licle.  Under  this  idea,  the  attention  of 
the  Englifh  was  directed  towards  findins:  out  a  fubftitute  lor 
woc^d.  The  appearance  of  ail  the  mountains  in  fouthern 
Africa  being  particularly  favourable  to  the  fuppofition  that 
fo(fil  coal  might  be  foimd  in  the  bowels  of  mott  of  thofe  in- 
ferior hills  conneeied  with  and  interpofed  between  them  and 
the  fea,  his  excellency  the  earl  of  Macartney,  well  knowing 
how  valuable  an  acquifition  fuch  a  difcovery  would  prove  to 
the  colony,  direfted  a  fearch  to  be  made. 

Boring-rods  were  prepared,  and  men  from  the  regiments 
who  had  laboured  in  the  collieries  of  England  were  felected 
to  make  the  experiment.      VVynberg,  a  tongue  of  land  pro- 
jefting  from  the  Table  Mountain,  was  the  fpot  fixed  on,  and 
the  rods  were  put  down  there  through  hard  clay,    pipe  clav, 
iron-ltone,  and  fand- (lone,  in  fucceffive  ftrata,   to  the  depth 
of  twenty-three  feet.     The  operation  of  boring  was  then  dif- 
continued,  by  a  difcovery  then  made  of  actual  coal  coming 
oul,  as  miners  exprefs  it,  along  the  banks  of  a  deep  rivulet 
flowiiiO-  out  oi  the  Tvoerbercr,  a  hill  that  terminates  the  ifth- 
nius  to  the  eaftvvard.     The  Itratum  of  coaly  matter  appeared 
to  lie  nearly  horizontal.      Immediately  above  it  was  pipe  clay 
and  white  faiid-rtone,  and  it  refted  on  a  bed  of  indurated 
clay.     It  rm  from  ten  inches  to  two  feet  in  thicknefs;  dif- 
ferent in  its  nature  in  different  parts;  in  fome  places  were 
dug  out  iarc^e  ligneous  blocks,   in  which  the  traces  of  the 
bark,  knots,  and  izrain,  were  diftindlly  vifible;  and  in  the 
very  middle  of  thefe  were  imbedded  pieces  of  iron  pyrites, 
running  tiirouph  them  in  crooked  veins  or  lying  in  irregular 
kmips.     Other  parts  of  the  ftratum  confiiled  of  laminated 
coal  of  the  nature  of  turf,  fuch  as  by  naturalifts  would  be 
called  Vithanthrax^  and  pieces  occurred   that  fecmed  to  differ 
in  nothing  from  that  fpecies  known  in  England  by  the  name 
of  Bovey  coal.     The  ligneous  part  burned  with  a  clear  flame 
without  much  fmelL  and  left  a  refiduum  of  liirht  white  afhes 
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like  thofe  of  dried  wood.  The  more  compact  earthy  and 
ftoney  parts  burned  lefs  clear,  gave  out  a  fulphLireous  fmell, 
and  left  behind  a  flaty  caulk,  that  foon  contracted  on  the  fur- 
face  a  deep  brown  ochraceous  cru(l.  The  borer  being  put 
down  in  feveral  places  in  hopes  of  meeting  with  the  main 
bed  of  coal,  the  general  rcfult  was  as  follows: 

lu  the  bed  of  the  rivulet ;  Fe^^ 

CoaJ  -  -  -  -  -  ^ 

Blue  foapy  rock  -  -  -  -  5 

White  foapv  rock  -  -  -  -         2« 

Gray  fand-f^one  with  clay  -  -  -         21 

Sand-ftone  of  chocolate  brown  -  -         14 

Blueifli  foapy  clay  -  -  -         31 

Striated  fand,  red  and  white,  containing  clay  -         33 
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Here  the  operation  was  difcontinued. 


XLV.   Kotices  rcfpedhig  Keiv  Boohs, 

BABYLONIAN   INSCRIPTIONS, 

X  HOUGH  a  great  many  travellers  f|>eak  of  the  ruins  of 
the  aniient  Babylon,  and  defcribe  the  bricks  of  which  thefe 
ruins  are  com  poled,  very  few  of  them  have  noticed  the  fin- 
gular  infcriptions  or  ehara6iers  imprefled  on  them.  Pietro 
della  Valle,  a  mod  circumftantial  and  accurate  traveller, 
even  carried  fonie  Babylonian  bricks  to  Italy,  one  of  which 
he  prefented  to  Kircher,  then  refiding  at  Rome,  to  be  pre- 
ferved  in  his  mufasum,  ftill  extant  in  that  city;  but  neither  he 
hinifelf,  nor  that  learned  jcfuit,  who  was  fo  much  engaged  in 
refearches  refpecting  Egyptian,  Chinefc,  and  other  kinds  of 
oriental  literature,  ever  made  mention  of  Babylonian  infcrip- 
tions. 

The  firft  by  whom  they  were  noticed  feems  to  have  been 
father  Emanuel,  a  Carmeliie  friar,  who,  having  refided  fome 
time  at  Bacrdad,  in  his  njanufcript  account,  l'j")eaks  of  cha- 
racters imprefi'ed  on  the  antient  bricks  Hill  remaining  among 
the  ruins  of  Babylon,  which,  d'Anville  fays,  would  fupplv 
the  literati,  who  are  defirous  of  penetrating  into  the  rcmotefl 
antiquity,  with  entirely  new  matter  for  meditation  and  liudy. 
After  him  Niebahr,  in  his  Travels  to  Arabia,  mentions 
infcriptions  on  the  Babylonian  bricks  ftill  extant,  but  w  iih- 
out  telling  whether  they  contained  charai^lers  unknown,  or 
fimilar  to  any  already  difcovered:  only,  whtn  iptaking  of 
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the  bricks  on  which  they  are  infcribed,  he  fays^  that  he  faw 
infcriptions  of  the  faint:  kind  on  other  bricks  at  Bagdad  and 
in  Perfia. 

But  the  mofl  circumftantial,  and  the  moil  recent  notice  re- 
fpefting  them,  is  that  of  JM.  Bcauchamp,  correfpondent  of 
the  Royal  Academy  of  Sciences  at  Paris,  who,  by  refiding 
feveral  years  at  Bagdad,  had  more  Icifure  to  examine  and 
defcribc  the  ruins  of  Babylon  ;  which  he  did  in  his  account 
infcrted  in  the  Journal  des  Sai<ans  for  1790. 

In  this  account,  the  author,  fpeaking  of  the  remains  of 
Babylo.n,  fays, — ''  On  the  fide  of  the  river  are  thofe  immenfe 
ruins  which  have  ferved,  and  ftill  ferve,  for  the  building  of 
Heilc,  an  Arabian  city  containing  ten  or  twelve  thouiand 
inhabitants.  Here  are  found  thofe  large  and  thick  bricks, 
imprinted  with  unknown  cliaraftcrs,  fpecimens  of  which  I 
have  prefented  to  the  abbe  Barthclemy."  What  kind  of 
chara6lers,  however,  thefe  were,  neither  Eeauchamp  nor  that 
celebrated  antiquary,  who  wrote  with  fo  much  ability  on  the 
Phoenician,  Palmvrenian,  and  other  infcriptions,  thought 
proper  to  determine ;  and  it  is  only  by  his  fuccelTor, 
M.  Millin,  that  we  have  lately  been  made  acquainted  with 
the  exiflence  of  fome  Babylonian  bricks  at  Paris,  containing 
infcriptions,  which  were  fent  by  Beauchamp  from  Babvlon, 
and  ol  which  drawings  or  copies  w-erc  tranfmitted  to  M.  Her- 
der, at  Weimar,  and  to  ])rofef]or  INluntcr,  at  Copenhagen. 

In  the  mean  time,  the  Honourable  Eaft  India  Company, 
beino;  always  defirous  to  lend  their  alnllance  to  thofe  who 
may  be  employed  in  the  elucidation  of  oriental  antiquities, 
and  being  informed  that,  near  the  town  of  Plillah,  on  the 
river  Eu[^hrates,  there  exi(l  the  remains  of  a  very  large  and 
magnificent  city,  fuppofed  to  be  Babylon  ;  and  that  the  bricks 
of  which  thofe  ruins  arc  compofed,  are  remarkable  for  con- 
tiiining,  on  an  indented  fcroll  or  label,  apparently  a  diltich, 
in  characters  totally  different  from  any  now  made  ufe  of  in 
the  Eaft,  dire61:ed  the  governor  of  Bombay  to  give  orders  to 
their  relident  at  Bafforah,  to  procure  from  thence  ten  or  a 
dozen  of  the  bricks,  and  to  tranfmit  them,  carefully  packed 
up,  as  early  as  poiiible  to  Bombay,  that  they  might  be  thence 
forwarded  to  them  in  one  of  their  fhips  failing  for  England. 

In  confequcnce  we  were  gratified,  at  the  commencement 
of  the  prefent  year  and  century,  at  London,  with  the  firft 
view  of  inlcriptions,  which,  on  comparing  them  •with  the 
Perfepolitan  characters  as  given  by  Le  Bruyn,  Chardin, 
Niebuhr,  and  other  travellers,  appeared  to  be  of  the  fame 
origin,  being  only  more  complex,  and  conne6ted  by  long 
lines,  forming  whole  and  half  fouaresj  ftars^  triar)gles_,  &c.; 

3  ^^ 
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fo  that  they  prove  to  be  a  different  combination,  though  formed 
of  nearly  the  fame  elements  and  nail-headed  itrokes. 

It  is  well  known  that,  for  more  than  a  century  pall,  about 
which  time  the  Perfepolitan  infcrlptions  were  firft  difcovered 
by  European  travellers,  opinions  have  been  much  divided 
refpe6ling  thefe  chara6lers.  Some  have  believed  them  to  be 
talifmans,  and  others  the  characters  of  the  Guebres,  or  an- 
tient  inhabitants  of  Perfia;  others  held  them  for  mere  hiero- 
glyphics, and  others  for  alphabetic  characters,  like  our?. 
Kaempfer  fuppofed  them  to  exprefs  whole  ideas,  like  the 
Chinefe  characters,  but  that  they  had  been  appropriated 
folely  for  the  palace  of  Iftakhar. 

After  that  period,  however,  fome  of  a  fimilar  kind  were 
found  alfo  in  Egypt;  but  as  neiiher  the  Egyptian  hierooly- 
phics,  nor  the  characters  obfervcd  on  the  mummies,  had  the 
leail  refembiance  to  them,  thev  ferved  only  to  prove  the  con- 
nexion, which  we  know  from  hiftorv  that  Pcrfepolis  once 
had  with  Egvpt.  Rafpe,  on  finding  fome  others  on  a  cv- 
linder  of  loadltone,  perfuaded  himielf  that  they  were  the 
fame  with  the  Chinefe  charaClcrs ;  and,  confequently,  that 
the  Chinefe  writing  had  been  formerly  known  and  cultivated 
on  this  fide  of  the  Ganges. 

The  above  account  of  the  difcovcry  of  thefc  infcrlptions  Is 
taken  from  Dr.  Hager's  preface  to  his  late  work  entitled  DiJ- 
Jertat'ion  on  the  neiul-y  dijco'vered  Babylon'ian  Ivf nipt  ions*,   in 
which  tlie  learned  author  endeavours  to  prove  that  the  Perfe- 
politan characters  were  derived  from  the  Babylonian. 

''  By  the  Babylonian  bricks  here  exhibited,"  fays  the 
learned  author,  "  trie  whole  difficulty  in  regard  to  their 
origin  is  removed;  as  it  is  evident  that  Babylon,  in  point  f)f 
cultivation,  was  much  earlier  than  Perfcpolis,  and  that  the 
Chaldeans  were  a  celebrated  people  when  the  name  of  the 
Perfians  was  fcarcely  known. 

"  To  coniirm  this  opinion,  and  by  it  to  prove  that  the 
Perfejjoliian  characters  were  derived  from  the  Babylonian, 
I  have  thought  it  neceflary  to  begin  this  work  bv  a  brief 
examination  of  the  antiquity,  extciit,  and  fciences  of  the 
Babylonians;  and  through  fcantinefs  of  original  monuments, 
to  prove,  by  aftronomv,  architecture,  and  lano-uages,  their 
well-founde<l  claim  to  antiquity.  At  the  fame  time  I  have 
endeavoured  to  fhow  that  not  only  the  Perfians,  but  alfo  the 
Indians,  were  difclples  of  the  Chaldeans;  and  that  the  Egyp- 
tians themfelves,  who  pretend  to  be  the  inftru6tors  of  all  na- 
tions, probably  derived  their  pyramids  and  obehlks  from  Ba- 
bylon.    Proceeding  then  to  the  Babylonian  inlcriptions,  I 

■   To  be  I;ad  at  Rich'ardfcns,  and  GuthcUand  Martin's. 

have 
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have  (liown  their  fimilarity  to  that  celebrated  alphabet  which 
the  Indians  call  divine  or  celeftial  [deva-nagari)^  becaiife 
thev  believe  that  it  was  communicated  by  the  Deity  himfelt 
in  a  voice  from  heaven ;  and  I  have  tried  to  prove  that  they 
were  not  derived  from  heaven,  but  from  our  earth,  and  from 
the  borders  of  the  Euphrates.  I  have  confirmed  my  afl'ertion 
by  means  of  the  Tibetan  charafters,  thofe  acknovvledsed  de- 
jcendants  of  the  Indian  ones,  and  thus  endeavoured  to  in- 
validate the  opinion  of  that  great  antiquity  and  boafted  ori^ 
ginality  of  the  Bramins." 

In  a  future  Number  we  (hall  give  a  further  extract  from 
this  curious  work :  in  the  mean  time  we  prefent  our  reader^ 
\vith  a  fpecimen  of  the  infcriptions.  (See  Plate  VII L) 

MEDICINE. 

ProfefTor  Schumacher,  of  Copenhagen,  has  publiflied  the 
iiril  volume  of  his  Medico-chirurgical  Obfervations.  As 
the  author  attends  an  hofpital,  he  had  occafion  to  make 
curious  remarks  worthy  of  confidence.  His  zeal  induced  him 
to  fublVitute  in  his  practice  the  ufe  of  indigenous  for  that  of 
foreign  plants.  He  has  employed  the  gratiola  inftead  of  ipe- 
cacuanlia.  In  fuch  cafes  when  this  plant  does  not  produce  its 
efFe<5l,  he  recommends  afiifting  it  with  the  addition  of  a  little 
rhubarb.  He  has  difcovered  that,  in  wounds  and  ulcers  at- 
tended with  inflammation,  the  cortex  hippocajiani  or  cortex 
y^iic;^  produces  the  fame  effecl:  as  cortex  pcruv'ianus^  which  is 
far  dearer.  The  ccrex  arenaria,  alfo,  may  be  fubltituted  for 
farfaparilia.  It  refults  from  the  author's  experiments,  that 
the  fabcB  pichurim  are  an  efficacious  remedy  for  the  whites  ; 
erpecialiy  when  the  difeafe  is  inveterate,  and  arifes  from 
weaknefs. 

Dr.  Tode,  of  Copenhagen,  continues  alfo,  with  fuccefs,  his 
]Vlcdico-chlrargical  Dictionary.  In  the  firit  number  of  the 
iifth  volume  the  author  informs  the  faculty  that  a  foetus  of 
199  davs  is  fufccptible  of  being  brought  into  the  world  alive, 
but  without  all  the  fymptonis  of  perfe6i:  conformation,  and 
without  being  in  a  ftatc  to  prolong  its  exiftence. 

MEDICAL  JURISPRUDENCE. 

Citizen  Bellock,  a  French  phyfician,  has  lately  publiflied 
a  work  entitled  Legal  and  Judicial  Medicine.  The  object 
of  this  work  is  to  inquire  how  far  medical  knowledge  may 
be  ufefully  employed  in  legal  inveftigations.  The  author 
has  treated  iIk*  fubjecl  with  much  ability,  and  with  all  that 
cautious  pyrrhonifm  fo  necefl'ary  in  an  inquiry  of  fuch  im- 
portance.    Among  the  points  he  difcufles  we  Ihall  notice  the 

followinir : 
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fbllowino; : — I.  Are  there  criteria  by  which  we  may  difcover 
whether  a  perfon  has  hanged  hinilelf,  or  been  han^icd  by 
others? — 2.  Can  it  be  afccrtained  whether  a  human  body 
found  dead  in  water  has  been  drowned,  or  whether  theperfoa 
had  been  thrown  in  after  death  ? 

He  does  not  omit  to  notice  the  two  famous  trials  of  the 
laft  century,  in  which  much  liuht  was  thrown  on  thcfe  two 
queftions.  The  one  related  to  the  uniT)rtunate  Caias  con- 
demned at  Touloufe,  and  folemnly  juftiried  at  Paris :  the 
other  to  young  Sirvan,  found  drowned  in  a  well  a  league 
from  his  father's  houk-. 

BOTANY. 

Dr.  Schrader,  one  of  the  moft  celebrated  German  bota- 
nifts,  publi flies  at  Gottingen  a  botanical  journal  containing 
an  account  of  the  moft  important  difcoverics  in  reo-ard  to  the 
fcience  of  vegetables.  This  journal,  written  in  Latin  and  iu 
German,  appears  every  three  months.  Each  number  or  vo- 
lume c(jnfi(ts  of  about  450  pages  duodecimo,  ilkiftratrd  with, 
three  plates,  each  of  which  exhibits  feveral  figures.  The 
author  divides  each  number  into  four  parts.  The  firft  is 
deftined  for  the  papers  and  memoirs  addrefled  to  him  ;  in 
the  fecond  he  gives  an  extract  from  new  works ;  the  third 
contains  the  moft  important  difcoveries  and  obfervations 
made  in  the  fcience  of  botany;  and  the  fourth,  every  thino- 
moft  intcrelting  in  the  correfpondcnce  which  the?  author 
maintairis  with  the  Hterati  in  Europe. 

Thoiigh  evcrv  part  of  botany  is  cuhivated  with  the  moft  bril- 
liant fuccefs  in  the  north  of  Europe,  the  itudv  of  the  crvpto- 
gamia  clafs  of  plants,  that  is  to  fay,  thofe  ifie  fcxual  organs 
of  which  are  difficult  to  be  difcovered,  fcems  to  cneage,  in 
a  particular  manner,  the  botanilts  of  thofe  countries.  To 
them  we  are  much  indebted  for  the  lifiht  which  has  been 
thrown  on  this  department  of  botany.  The  labours  of 
Hedwig,  Hofiman,  Schrader,  Humboldt,  Pcrfoon,  FKiovre, 
Stromeyer,  &c.  have  diflipated  the  obfcuritv  with  whicirflie 
nature  and  origin  of  muihrooms  were  furrounded.  This 
journal,  therefore,  of  which  fix  numbers  have  already  ap- 
peared, as  it  contains  all  the  new  difcoveries  and  obierva- 
tions  in  regard  to  botany,  caimot  fail  to  be  of  utility  to  thofe 
who  are  fond  of  this  fcience. 

A  very  valuable  work  on  this  fubjcc^  is  now  publifliincr  jn 
Paris.  It  is  an  account  of  new  and  rare  plants  collected  bv 
C.  Cells,  v*ith  fine  plates.  The  hiliory  of  thcfe  plants  is 
drawn  up  with  great  ability  by  the  cciebraieJ  botanift  Ven- 

tenat. 
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tenat,  of  the  National  Inftitute.     Four  numbers  of  this  work 
have  already  appeared  :  the  fifth  is  about  to  be  publiOied. 

MINERALOGY. 

A  vcrv  valuable  treatife  on  this  fubjetl  has  juft  been  pub- 
liflied  bv  C.  Haiiy,  member  of  the  National  Inftitute,  and 
keeper  of  the  mineralogical  collections  of  the  School  of 
Mines  ;  4  vols.  8vo.,  and  a  quarto  volume  of  plates.  A  fine 
edition  of  the  iame  work,  confifiing  of  the  fame  number  of 
volumes^  in  410.,   v/as  publilhed  at  the  fame  time. 


XLVl.   Proceedings  of  Lea  ■•tied  and  Economical  Societla. 

ROYAL    SOCIETY  OF   LONDON. 

_l\T  the  anniverfary  meetmg  on  the  30th  of  November 
the  amount  of  receipts  and  expenditures  was  declared,  and 
the  names  of  the  new  and  the  deceafed  members  were  read 
over  by  the  fecretary. 

The  prefident,  the  Right  Hon.  Sir  .lofeph  Banks,  K.  B. 
in  the  name  of  the  Society,  prefented  Sir  Godfrey  Copley's 
aold  medal  to  Mr.  x^ftley  Cooper  for  his  paper  on  the  effects 
-which  take  place  from  the  deftruclion  of  the  membrana  tym- 
cani,  and  on  an  operation  for  the  removal  of  a  particular  fpe- 
cies  of  dcafneis. 

Aftc'-wards  the  Society  proceeded  to  the  choice  of  the 
council  and  officers  for  the  eiifuing  year. 

The  members,  as  ufual,  on  that  dav  dined  together  at  the 
Crown  and  Anchor  tavern,  in  the  Strand. 

Dec.  10.  was  read  a  paper  by  Dr.  Malkelyne,  aftronomer 
roval,  drawn  up  from  the  notices  publimed  by  Piazzi,  of  his 
^ilcovcrv  of  a  new  planet  rather  larger  than  our  earth,  and  re- 
volvino-  in  an  orbit  between  Jupiter  and  Mars;  to  which  he 
propofes  giving  the  name  Ceres  Ferdi?iandia.  All  doubts  re- 
fpeiling  this  difcoverv  will  be  refolved  at  its  next  appearance 
in  March  1802. 

On  the  17th  was  read  a  paper,  by  Everard  Home,  Efq. 
giving  an  account  of  one  of  the  moft  extraordinary  fubjefts 
of  comparative  anatomy  that  has  ever  appeared — a  defcrip- 
tion  of  the  Platypus  anatinus^  an  amphibious  animal,  of 
which  a  male  and  a  female  were  brought  from  New  South 
Wales.  Thev  are  there  found  on  the  banks  of  one  of  the 
lakes,  in  which  they  fwim  not  on  the  furface,  but  occafionally 
<:omc   up  to  refpire.     It  has  four  fliort  legs  furnifhed  with 

cla\v<^ 
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claws,  and  the  mouth  is  terminated  by  a  hill  like  a  duck. 
'I'he  parts  of  generation  are  moll  uncommon,  and,  from  the 
female  not  having  a  uterus,  Mr.  Home  is  led  to  lufpc^l  it  is 
oviparous. 

THE    JABLOXOWSKV    SOCIETY    OF    THE    SCIENCES    AT 

LEIPSIC. 

This  Society  has  propofed  for  1-S02  the  following 
Vr'ize  QuejUoTis  : 

Hijlorv. — An  account  of  the  rights  and  condition  of  the 
dignity  of  earl  in  the  northern  kingdoms. 

Alatbemat'ics. — An  accurate  view  of  the  progrefs  and  im- 
provetiient  of  the  mechanical  fcienccs  during  the  eighteenth 
centurv. 

Economy. — -On  the  influence  of  the  atmofphere  on  the  fer- 
tility of  the  foil,  according  to  the  laieU  experiments  and  re.- 
fearclies.  How  far  mav  the  nature,  fituation,  and  culture  of  the 
foil  contribute  to  render  this  influence  active  and  powerful  ? 

The  fa6ts  adduced  by  the  candidates  in  their  papers 
muft  be  confirmed  bv  the  teftimony  of  refpe^lable  authors  ; 
but  the  papers  ihemi'elves,  according  to  a  condition  efla- 
bliflied  bv  the  four.der,  muft  be  written  in  Latin  or  in 
French.  The  i)rizes  connil  of  aold  medallions  of  the  value 
of  24  ducats  each. 

The  fociety  invites  all  the  friends  and  promoters  of  fcience 
to  anfwer  the  above  Cjuefiions.  The  anfwers  nniit  be  tranf- 
mitted,  u  ith  a  fealcJ  n^te  containinii:  the  nanic  and  reridenee 
of  the  author,  to  Charles  Frederick  Hindenburo;,  profellbr  of 
philofophv  at  Leipfic.  The  period  for  receiving  the  anfwers 
has  not  vet  been  announced. 

ACADE^^\'   OF  THE    USEFUL   SCIENCES    AT   ERFURT. 

In  the  fitting  of  iMay  2,  M.  Refch  laid  before  the  fociety 
feveral  fpecimens  of  leather  tanned,  according  to  his  procefs, 
bv  means  of  one-fourth  bark  and  three-fourths  turf  fblack 
peat-mofs),  which  v.ere  found  exceedmglv  uood  :  on  account, 
however,  of  lome  doubts  excited  in  regard  to  the  activity  of 
turf,  he  means  to  caufe  his  experiments  to  be  repeated. 

jSI.  Homeyer,  of  Zimmer  near  Alfeld,  tranhnitted  to  the 
fociety  fome  twigs  grown  toirether,  in  order  to  (liow  how 
mankind  may  have  fallen  upon  the  invention  (;f  praftino;. 

Two  papers  were  read,  one  on  the  a/pldmum-AniX  iomeliinds 
of  fern  related  to  it,  bv  M.  Bernhardi,  of  Erfurt :  and  ex- 
periments on  the  ])repariaioa  of  cinaiibar  in  the  wet  way, 
by  M,  BuchoIZ;,  of  Erfurt, 

lu 
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In  the  fitting  of  June  2,  profeflbr  Frank  read   a  paper  on 

the  qucftion  lately  propoled   by  Aleirrs.  Anton  and  Krefch- 

man — whether  the  origin  of  jjards  anfl  the  Druids  can  be 

jaltly  afcribed  to  the  old  Germans?    The  author  is  of  the 

opinion  of  thole  who  anlwer  this  queftion  in  the  negative. 

FRENCH    NATIONAL    INSTITUTE. 

Account  of  the  labours  of  the  French  National  Inftitute 
during  the  lait  three  months  of  the  year  9. 

[Coi  t:nuv.:(l  from  p.  1S8  ] 

Ohfervaiions  made  during  three  Years  on  the  metallic  Chains 
J'ujpended.  from  the  Doine  of  the  Pantheon  to  ajcertam  any 
boriz.ontizL  or  ^jertlcal  Change  that  anight  take  place  in  the 
Building.      By  C.  Prony. 

The  late  mirjilicr  of  the  interior^  Eenezech,  having  ap- 
pointed a  tonimiiiicn  to  vcfrime  tlie  labours  of  thofe  before 
edablifhed  for  examining  the  Pantheon,  and  pointing  out 
the  means  that  might  be  neceli'arv  for  its  prefervation, 
C.  Pronv,  member  ot  this  commiirion,  read  an  interefting 
memoir  on  this  fubiecl,  wliieh  was  heard  with  o-reat  atten- 
t!on.  Five  metallic  chains,  compofed  of  ^mks  each  3*937 
inches  in  length,  are  fufpended  below  the  cupola  of  the  Pan- 
theon. Four  of  tliefe  chains  are  paraliel  to  the  vertical  fur- 
faces  of  the  planes  of  tlic  pillars ;  the  fifth  is  attached  to 
the  centre  vS  the  exterior  dome,  and  hangs  down  near  to 
the  ground,  l^he  centres  of  live  horizontal  circular  plates 
are  made  to  corrcfpond  verv  exactly  to  the  points  where  the 
weights  with  which  each  chain  is  loaded  terminate.  Thefe 
plates  are  raifed  on  vcrtic>il  graduated  italks,  w  hich  rife  and 
fall  freely  in  lockets,  and  which  can  be  fixed  to  any  height 
bv  means  of  fcrews.  Concentric  circles  are  traced  out  on 
each  plale,  and  nicteorological  inftruments  placed  in  different 
parts  of  the  eJifice  indicate  the  dillercnccs  of  temperature. 

Chains  lufpended  in  tins  manner  can  fmk  down  only  in 
confequence  of  three  caufcs.  lit,  The  dilatation  of  the  metal, 
which  would  a.i;gment  their  volume  and  the  length  of  their 
niafs :  2d,  Elongation,  occalioncd  by  an  extenfion  which  a 
certain  weight  mioht  give  to  that  length  where  the  fyfiem  is 
interrupted  by  links:  3.  The  partial  or  total  linking  of  tl^.e 
cdilice. 

The  effefts  which  changes  of  temperature  might  produce 
on  a  metallic  fvftem,  interrupted  bv  links,  were  examined 
with  as  much  accuracy  as  it  is  pofiible  to  attain  to  in  re- 
fearches  of  this  nature,  with  an  inllrument  invented  by  that 
eminent  artilt  Ramfdcn.  Lavoilier  and  Laplace  repeated 
6  thefe 
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thefe  experiments  at  the  houfe  of  C.  Prony,  and  (lioweci  that 
plates  ot  different  metals  arc  lenirthened  by  a  given  and  eon- 
ftant  quantity,  from  the  temperature  of  ice  to  that  of  boiling 
water  *. 

The  fecond  caufe  of  elonsration  is  eftimated  by  a  method 
defcribed  with  great  accuracy  in  Pronv's  memoir. 

The  third  was  that  of  the  greateil  importance  to  be  known 
to  the  commifiion  ;  for  fome  architects  entertained  fears  that 
the  edifice  was  finking.  This  movement,  according  to  the 
hvpothefes  of  fome.  by  caufino;  the  pillars,  which  are  faid  to 
be  too  weak  to  fultain  the  mafs,  to  give  way,  would  have 
cruflied  them,  and  the  dome  would  have  funk  vertically  on 
itfelf. 

The  poffibilitv  of  fuch  a  difaftrous  eflc6f  fuggefted  to  the 
commiffion  a  dcfire  to  afcertain  how  far  this  v/as  probable. 
Prony  has  detailed,  in  his  memoir,  a  great  number  of  pre- 
cautions which  he  took  to  eltimate  this  danger.  After  a 
long  and  accurate  inveftigation,  he  was  convinced  that  no 
alteration  has  taken  place  in  the  furfaces  of  the  walls  of  the 
foundation,  and  particubrlv  in  the  vertical  direction  of  the 
pillars  ;  that  the  parallelifm  of  the  circular  cornices  of  the 
cupola  is  ftill  preferved  :  that  the  three  domes  are  in  no  man- 
ner affected;  and  that  an  examination  of  the  pillar  which 
has  funk  moft,  proves  it  to  be  fouiKl.  Theblifterinir  or  fcal- 
ing  off  of  the  compofition  uhich  furrounds  the  pillars  was 
occafioned  therefore  onlv  bv  the  finking,  of  the  latter,  and 
tiie  finking  arofe  from  an  error  in  the  conltruction.  But  can 
this  finkimz;  make  any  progirefs  ?  The  attention  of  the  com- 
nnlilon  will  no  doubt  be  direc-ied  to  this  object;  and  the  in- 
firument  invented  bv  C  Prony  is  calculated  to  afcertain  it. 
Keio   Galvanic  Ecper'nnents, 

It  appears  that  the  identitv  of  galvanifm  and  eleftricitv  is 
p^rfectlv  efiabliOied  bv  recent  fi6ls.  C.  Biot  has  found  that 
the  galvanic  fluid  m  the  different  kinds  of  apparatus  which 
produce  it,  follows  exactly  the  fame  progrefs  as  elcctricitv 
wo'ild  under  the  like  circumfiances. 

Attraction  and  repulfion,  indeed,  being  the  f^mic  in  gnl- 
vanifm  as  in  electricitv,  the  a<5tion  which  the  mnleculje 
excrcife  upon  each  other  is  the  i'ame  in  the  two  fluids  ;  ihc 
property  which  ])o;nts  poflefs  of  tranfmitting  eleilricity,  and 
which  furfaces  have  to  retain  it.  ought  alfo  to  take  piace  in 
galvanifm  ;  and,  as  the  fmall  pbitcs  may  be  confidci-cd  as 
more  analogous  to  points  tlun  the  larire  ones,   tlicv  ought  to 

TluTe  eicngations  arc  Cuimated  at  an  fi64th  for  itcci,  snd  a  900th  tV.r 
dtl  iron:  the  dilatation  ot  tor;rcd  and  tunin.srcd  iron  d-lTcrs  verv  Uttic 
tron  that  of  itcci. 

give 
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give  in  the  fame  inftant  a  lefs  niafs  of  fluid,  but  poneffing  a 
great  velocity,  while  the  large  plates  will  give  a  greater  mafs 
with  a  lefs  velocity.  Shocks  which  depend  on  the  velocity  of 
the  fluid  will  not  be  increafed  with  the  fize  of  the  plates;  while 
metallic  combuftions  which  depend  on  its  mafs  and  its  con- 
tinued prefence,  ought  with  this  fize  to  be  doubly  augmented. 
This  is  a  liniple  explanation  of  the  experiments  of  C.  Hachette^ 
Fourcroy,  Vauquelin,  and  Thenard. 

C.  Biot  has  confidered  galvanifm  alfo  in  regard  to  its  che- 
mical nature;  and  finding  that  what  takes  place  in  water 
brought  into  communication  with  the  pile  has  been  fufii- 
ciently  examined  he  was  defirous  of  feeing  what  takes  place  in 
the  pile  itfelr,  and  w  hat  its  action  is  on  the  furrounding  bodies* 
As  it  is  well  known  that  the  zinc  of  the  pile  foon  becomes 
oxidated  when  it  afts,  it  was  neceflary  to  difcover  whence 
the  oxygen  arofe.  For  this  purpofe  C.  Biot,  in  company 
with  C.  F.  C'.ivier,  made  experiments,  which  proved  that  the 
atmofpheric  air  is  decompofed,  and  gives  up  its  oxvgcn  to  tlie 
pile;  that  this  oxygen  increafes  the  galvanic  effecSis.  but  tiiat 
it  is  not  abiolutely  neceflai  v  to  them  ;  that  thefe  eflfe^ls  take 
place  even  in  vacuo^  provided  the  pile  is  well  moiftened  with 
water;  which  proves  that  the  water  is  decompr^fed. 

Guyton  found  that  the  abforption  of  the  oxygen  of  the  air 
by  the  pile  is  fo  complete,  that  it  mav  be  employed  as  an 
eudiometric  mean  to  meafure  the  quantity  of  oxygen  con- 
tained in  any  given  J^ind  of  air. 

Biot  next  employed  this  oxidation  of  the  pile  as  a  means 
of  confirming  his  theory  refpecting  the  progrefs  of  the  fluid. 
Jn  the  cafe  when  ihe  fluid  polTefles  a  greater  velocity  the 
oxidation  ought  to  be  accelerated  ;  fmall  plates  therefore  be- 
come fooner  oxidated  than  large  ones;  a  pile  the  two  ends 
of  which  communicate  bv  wires  is  alfo  oxidated  much 
fooner,  as  miciht  be  expected^  than  that  where  there  is  no 
fuch  -communication. 

The  fame  author  his  difcovered  that  the  galvanic  fluid  is 
tranfmitted  with  difficulty  ihi^ough  water,  but  that  it' eafily 
glides  over  its  furface  ;  an  efteel  produced  alfo,  according  to 
Prie(t!ey's  experiments,  bv  weak  electricity  poiiefling  great 
velocity. 

C.  Ganthenet,  who  is  not  a  member  of  the  Inftitute,  has 
communicated  fome  intercfling  experiments  on  the  fame 
fubje(St,  in  \yhich  he  lliows,  in  particular,  that  it  is  poflible 
to  make  effective  galvanic  piles  without  any  metallic  fub- 
ftance  whatever.  Thele  experiments  ferve  to  confirm  thofe 
before  made  by  Pfaifand  Humboldt  when  they  tried  galvanifrn 
only  on  animals. 

While 
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While  thefe  refearches  were  making  in  France,  the  Englilh 
made  fome  of  a  peculiar  and  decifive  kind.  They  have  been 
able  to  imitate  the  mo(t  fingnlar  effects  of  galvanilm  by  com- 
mon eleclricitv,  by  makinor  the  condnclors  much  thinner  and 
lon2:er. 

CHEMICAL   Ar.fS. 

Keiu  ~Melbod  of  bleaching  Linen, 

This  method,  invented  bv  Seguin,  confifts  in  employing 
one  part  of  fulpluiric  acid  in  five  hundred  parts  of  water, 

jSfeiv  Method  of  I  leaching  the  Pulp  of  ivhich  Paper  is  onacle. 

The  art  of  bleachine  ra-.v  cloth  alriioii:  immediateJv,  bv 
means  of  the  oxvgenated  muriatic  acid,  is  the  invention  of 
Berthollet.  Ciiaptiil  made  a  happv  application  of  it  to  re- 
ftore  the  whitencfs  of  books  and  prints  that  have  been  ftaincd ; 
but  it  remained  to  employ  it  for  previouflv  bleaching  the 
pulp  of  which  paper  is  made.  This  was  attempted  by 
Lovfel  fome  vears  ago,  in  order  to  render  it  difficult  to  imi- 
tate alfignats,  on  account  of  the  perfection  of  their  mami- 
fa^lure.  This  paper  money,  in  a  political  view,  may  be 
confidered  feveral  ways;  but  as  an  object  of  art^  it  is  certain 
that  it  has  occafioned  a  multitude  of  ingenious  inventions, 
which  will  long  remain  ufeful  after  affignats  Ihall  have  been 
forfrotten.  The  dilTerent  procelTes  are  now  gradually  made 
public,  fince  thev  are  no  longer  fecrets  of  ftate.  The  public 
are  alreadv  in  full  poflcflion  of  the  fiereotvpe  art ;  and  that  of 
the  fabrication  of  paper,  no  lefs  interefting,  is  now  laid  open 
alfo.  Ft  is  attended  w-ith  the  double  advantage  of  beauty  and 
oeconomy. 

Bv  means  of  this  method,  all  rags  may  produce  a  pulp 
exceedingly  white;  but  they  are  not  all  proper  for  making 
paper  ftrong,  and  difficult  to  be  broken,  though  thin, — a  qua- 
lity effiential  to  bank  paper,  and  others  of  the  fimie  kind. 
New  white  or  raw  rags,  cordage,  and  otlier  articles,  the 
hemp  and  flaf?  of  which  have  not  been  much  worn,  oueht  to 
be  chofen  for  this  purpofe.  Old  rags  do  v>ell  enough  for 
thick  paper,  or  that  which  does  not  require  much  tenacitv. 

When  the  rags  have  been  picked  and  cut  into  fmall  mor- 
fels,  they  are  put  into  vats,  where  they  undergo  a  fermen- 
tation, which  changes  the  nature  of  their  colouring  matter, 
by  rendering;  it,  as  it  were,  fliponaceous,  and  fuFceptible  of 
being  carried  oft'  by  water  when  v/aflied^  and  afterwards 
beat.  The  heat,  during  the  fermentation,  muft  not  be  fuf- 
fered  to  exceed  loo""  or  112°  of  Fahrenheit's  thermometer, 
which  generallv  takes  place  in  fifteen  davs. 
'  Vol.  XI,    '  S  '  The 
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The  moment  of  fubjecling  the  rags  to  the  a<?tion  of  the 
acid  is  not  a  matter  of  indifi'ercnce.  If  they  arc  bleached 
entire,  as  the  inierior  of  each  thread  does  not  experience  any 
action,  this  would  afterwards  alter  the  whitcnefs  of  the 
pade;  and  if  the  workman  fhoukl  wait  till  they  were  abfo- 
kitely  reduced  to  pnlp,  the  pulp  would  form  a  body  with 
which  it  would  be  difficult  to  mix  the  acid  intimately.  The 
matter  then  muft  be  taken  at  a  mean  ftate  between  that  of 
rags  and  that  of  pulp  complciely  triturated.  For  this  pur* 
pole  the  rags  are  made  to  pafs  under  a  firft  cylinder  to  fepa» 
rate  the  fibres ;  they  are  then  fubjccted  to  bleaching,  and 
then  converted  into  pulp  by  means  of  another  cyHnder. 

If  the  rags  are  raw,  two  baths  of  oxygenated  muriatic  acid 
or  bleaching  liquor,  and  one  of  fulphuric  acid,  are  employed. 
If  they  are  white,  one  bath  of  the  liquor  and  one  of  fulphu- 
ric acid  will  be  fufficient. 

The  muriatic  acid  is  prepared  either  with  common  muriatic 
acid  and  oxide  of  manganefe,  or  by  means  of  fulphuric  acid 
with  oxide  of  manganefe  and  muriate  of  foda  (common  fait). 
The  lad  method  is  the  moft  economical ;  25  parts  of  oxide 
of  manganefe,  70  of  common  fait,  and  120  of  fulphuric  acid, 
of  31  degrees  of  denfity  (by  the  areometer),  will  be  fufficient 
to  charge  a  receiver  of  270  gallons.  The  ftrength  of  this 
liquor  is  appreciated  by  means  of  a  folution  of  indigo,  which 
is  prepared  by  diilolving  one  part  in  w^i^htof  indigo  in  feven 
parts  of  fulphuric  acid  conceiitrated  to  66  degrees,  and  which 
is  then  diluted  in  992  parts  of  water,  according  to  the  me- 
thod of  Defcrozilles.  When  one  meafure  (in  volume)  of 
the  bleaching  liquor  annihilates  the  colour  of  nine  of  this 
folution  of  indigo,  the  bath  proper  for  bleaching.no  pounds' 
avoirdupoife  of  rags,  after  being  fubjecrted  to  the  firft  cylin- 
der, is  compofed  of  24  gallons  of  fuch  bleaching  liquor  di- 
luted in  120  gallons  of  pure  water. 

The  expenle  of  thefe  different  operations  will  be  moderate, 
when  one  bath  of  bleaching  liquor  and  one  of  fulphuric  acid 
are  employed,  which  is  generally  the  cafe,  and  the  paper  is 
exceedingly  beautiful.  There  is  no  doubt  therefore  that  tha 
price  of  paper  will  be  much  diminifhed,  when  the  method 
here  explained  is  employed  and  brought  into  general  prac- 
tice. 

On  the  Fixity  ii'h'ich  Anthnony  acpiires  hy  its  AUry  with  Titt. 

When  attempts  were  made  to  reflore  to  commerce  that 
prodigious  quantity  of  metallic  matters  which  had  been  em- 
ployed in  making  bells,    it  was  found  that  the  firft  operation 
BC^cirary  was  to  feparate  ihe  copper  and  tin,  which  formed 
6  their 
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their  principal  conftituent  parts.  The  copper  was  eafily  ob- 
tained by  calcining  a  part  of  the  bell  metal,  and  then  throw- 
ing it  upon  another  part  of  the  fame  metal  in  a  ftate  of 
fulion ;  but  the  fcoriie  produced,  during  this  reduction,  were 
loft. 

More  intelligent  chemifts,  and  particularly  Anfry,  found 
means  to  reduce  the  fcoris,  and  to  reftore  to  commerce  a 
large  quantity  of  tin,  and  a  ftill  larger  of  copper.  The  tin, 
however,  obtained  in  the  lali  refult  has  peculiar  qualities ; 
its  frafture  is  different  from  that  of  common  tin,  it  is  harder, 
and  more  ealily  broken. 

C.  Sage  has  found  means  to  imitate  this  tin,  extracted 
from  bell-metal,  by  mixing  with  tin  a  little  antimony ;  and  it 
refults  from  his  experiments,  that  the  latter  metal  alloyed 
with  tin,  in  the  proportion  of  a  lixth  part,  unites  with  it  in 
fo  intimate  a  manner  that  it  is  almoft  impoffible  to  feparate 
it.  C.  Sage  has  no  doubt  then  that  the  tin  of  bell-metal 
contains  a  certain  quantity  of  it;  but  C.  Sage  has  afcer- 
tained,  by  feveral  experiments,  that  it  does  not  prevent  it 
from  being  employed  in  making  tin  plate,  and  even  for  tin- 
nincf  veflels. 

MINEHALOGY. 

On    the   prefumed    Effecls    of  Galvanifvi    in    the   Mineral 

Kingdom. 

C.  Guvton  has  given  a  defcription  of  a  kind  of  ore  of  an- 
timony lately  difcovered  in  the  province  of  Gallicia,  fpcci- 
mens  of  which  had  been  tranfmitted  to  him  by  Don  Anto- 
nio Angulo,  infpector  general  of  the  mines  of  Andalulia. 
He  foon  foimd,  by  analyfis,  that  the  metal  in  this  ore  is  in 
the  ftaie  of  oxide ;  but  the  ftruclure  of  the  mineral,  its  in- 
terior texture,  its  well  characlerized  ftrise,  plainly  announced 
that  it  was  the  pafTage  from  fulphuret  to  oxide,  without  an 
alteration  of  form.  It  was  therefore  of  importance  to  difco- 
ver  how  this  change  could  have  been  effected. 

C.  Guyton  tried  all  the  fimple  or  compound  fubfrances 
which  might  be  prefumed  to  exift  in  the  bowels  of  the  earth, 
in  order  to  imiiate,  in  the  laboratory,  this  labour  of  nature. 
The  fulphuret  of  antimony,  both  natural  and  artificial,  rc- 
fifted  all  liis  numerous  attempts.  He  fuppofed,  very  juftiv, 
that  the  decompofition  of  water  oii^ht  to  act  a  principal  part 
in  this  operation,  and  even  that  it  prefented  the  only  means 
of  accounting  for  this  alteration,  fince  it  ought  at  the  fame 
time  to  furiiiih  oxygen,  and  to  take  away  the  fulphur  by 
means  of  the  hydrogen  ;  but  it  was  neceiTary  to  difcover 
what  could  have  determined  this  decompofition.  C.  GuvtDii  - 
coafiders  it  as  the  flow  and  progreffive  refult  of  affinities  put 

S  ::  into 
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into  a6lion  bv  the  galvanic  fluid.  A  comparifon  of  what 
takes  place  in  experiments  where  metals  are  fpontaneoiillv 
oxidated,  by  the  interpofnion  of  water,  appears  to  him  to 
ffive  great  probability  to  this  explanation,  which  he  ftrength- 
cns  by  feveral  examples  of  iimilar  transformations,  particu- 
larly that  of  the  pvrites  of  Berczof,  which  palfes  to  the  ftate 
of  oxide,  retaining,  in  three  directions,  the  llrije  of  the  pri- 
■mitive  lulphuret.  lie  quotes  alio  numerous  obfervationS;,  bv 
which  C  rJaiiy  has  proved  the  influence  of  fubterranean 
electricity  on  minerals.  He  entertains  no  doubt  that  this 
new  idea  will  extend  the  field  of  mineralogy,  by  expofing  to 
us  nalnve  in  continual  labour,  a^fing  at  the  fame  time  ou 
maiTes  and  on  intimate  moiccuhn?,  by  ipontaneous  attraction?^ 
and  independent  of  all  percufl[ion ;  i'o  that  this  fubtle  fluid, 
according  to  Guvton,  will  aifurae  the  firft  rank  among  thofe 
fubftances  which  have  been  dignified  with  the  pompous  name 
of  7nineraiizers. 

Analyjis  of  a  phofphated  head  Org^ 
This  ore,  of  a  vellowiih  green  colour,  generally  in  fmall 
brilliant  grains,  and  in  a  quartzy  arenaceous  reddifli  matrix', 
is  found  in  pretty  thick  continued  beds  at  Breitemberg,  near 
Erlembach,  in  the  department  of  the  Lower  Rhine-.  C 
Sage  has  found,  by  an  analyfis,  that  it  contains,  in  lOO  parts, 
;^7  of  lead,  33  of  quartz,  and  30  of  phofphoric  acid.  The 
lead  contains  no  filver. 

Earner  aids  found  in  France. 
This  difcoverv  was  made  bv  Lelievre.  Travelling  near 
Limofres,  he  obierved,  in  the  itones  employed  for  repairing 
the  roads,  a  hard  grceniih  fubitance,  which  he  judged  to  be 
a  beryl  or  an  emerald.  His  conjecture  was  confirmed  by 
the  chemical  analyiis  which  Vauquelin  made  of  fpecimens 
lent  bv  him  to  that  chemitt,  and  bv  Haiiy's  examination  ot 
their  rnechanica,!  ftructure.  Thefe  emeralds  will  not  be  of 
much  ufe  as  ornaments  ;  but  thcv  mav  be  employed  by  che- 
mifts  to  extraCl  from  them  that  kind  of  earth  called  glucmey 
W'hich  \'ar.que}in  difcovered  in  the  emerald  and  tlie  beryl,  and 
which  thefe  emeralds  of  Limoges  readily  furniih,  as  C.  Le- 
lievre found  feveral  pounds  of  them,  and  was  even  able,  by 
cond)inino-  the  tragments,  to  recompofe  a  prifm  of  more  than 
four  inches  in  diameter,  and  nearly  the  fan^e  in  height. 

METEOROLOGY. 

0«   tha  AcliOTi  tuh'ich   the  Lunar  Pei'iod  of  Nineteen   Years 
exerclfes  on  the  Variations  of  the  Atmojphcre, 

•  As  a  decided  in^u€Rce  on  the  variations  of  the  atmofphere 

has 
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has  always  been  afcribcd  to  the  nioon,  fcvcral  methods  have 
been  tried  to  determine  the  nature  of  this  influence.  Some 
have  thought  that  it  was  exercifed  bv  means  of  the  phaies; 
others  have  fuppol'ed  that  it  depended  on  the  refpeclive  po- 
lition  of  the  moon  and  the  fun  3  and  as  this  politiou  recurs 
ncarlv  the  fame  at  the  end  of  nineteen  years,  the  latter  have 
concluded  that  meteors  muft  alfo  return  ahr.oft  the  fame  in 
the  courfe  of  that  time.  C.  Lamarck,  who  has  fuppofed 
another  influence  of  tlie  moon  in  regard  to  its  dechnation, 
and  who  has  endeavoured  to  cfiabHOi  his  difcovery  bv  feveral 
memoirs,  has  ahb  endeavoured  to  afcerlain  what  truth  there 
may  be  in  this  periodical  return  of  the  variations  of  the  at- 
mofphere  at  the  end  of  nineteen  years ;  and  he  has  found,  bv 
comparincT  meteorolocrical  obfervations,  that  this  return  is  far 
from  being  fo  correi:t  as  is  generally  behieved.  Astronomers 
:dfo  know  well,  that  the  cycle  of  nineteen  vears  i^  not  exact 
v.ithin  an  hour  and  a  half;  an  error  which  amounts  to  a 
whole  day  in  the  courfe  of  308  years. 

ZOOLOGY. 

On  the  Difference  which  ex'ijls  hetzi'een  the  Ci'ccodlles  of  the 
old  and  the  netu  Continents 

A  precife  determination  of  the  large  fpecies  of  animals  is 
more  important  than  might  be  imagined,  as  we  have  in- 
itanccs  that,  for  want  of  fuch  determinations,  travellers  have 
placed  in  America  feveral  animals  of  the  old  continent  which 
never  exifted  there,  fuch  as  the  lion,  tioer,  panther,  and 
iomt  others.  Thefe  they  confounded  with  other  animals  of 
a  diflerent  kind,  though  nearly  related  to  them.  Ihe  fame 
error  has  occurred  in  rCiiard  to  crocodiles,  even  on  the  part 
')f  naluralilts.  In  order  to  reclify  fuch  mi  flakes,  C.  Cuvier 
has  fliovv'n,  that  moft:  authors  have  been  entirely  unac- 
quainted with  the  diflerence  which  exilts  between  the  croco- 
diles of  the  old  and  the  new  w^orld,  or  have  badly  under- 
ftood  them,  and  explained  them  ftjll  worfe. 

He  has  proved,  by  an  accurate  defcripiion,  that  thefe  ani- 
mals form  two  fpecies,  the  diflinguifliing  characters  of  which 
are  as  follow  : 

3 ft.  The  crocodiU  has  an  oblong  muzzle,  the  upper  jaw  of 
which  has  indentations  on  each  fide  to  aflbrd  a  paflkge  to  the 
fourth  tooth  in  the  lower;  its  hind  feet  are  entirely  webbed. 

2d.  The  caiman  has  an  obtufe  muzzle;  its  upper  jaw 
receives  the  fourth  tooth  of  the  lower  in  a  particular  cavity 
which  conceals  it;  the  hind  feet  are  only  half  webbed. 

The  firft  of  thefe  fpecies  belongs  to  the  old  world,  the 
fecond  to  the  new.     The  name  :jf  the  latter  originates  from 
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India,  where  it  denotes  the  common  crocodile,  arid  frcitj 
which  it  mull  have  been  introduced  into  America  by  the 
Spaniards  or  the  Dutch. 

Ti>e  author  has  not  comprehended  in  his  refearches  the 
long  heaked  crocodile,  or  the  gavial^  which  forms,  by  gene- 
ral acknowleogment,  a  pecuhar  fpecies. 

On  livo  nezv  Kinds  of  oviparous  Quadrupeds, 

.  Thefe  two  fpecies,  defcribed  by  Lacepede,  are  intereftin^ 
not  only  on  account  of  their  novelty^  they  are  intereiling  alli) 
as  they  exhibit  a  number  of  toes  not  before  obferved  but  in 
the  clafs  of  reptiles. 

The  firft,  which  Lacepede  calls  monodaBjlos,  has  indeed 
only  one  toe  on  each  foot.  Thefe  feet  are  fo  fliort,  and  the 
body  and  tail  fo  long,  that  the  animal  has  a  great  refem- 
blance  to  a  fnake,  it  is  covered  with  fcales  difpofed  in 
tranfverfa!  bands. 

The  other  fpecies,  called  tetrada&jlos,  has  feet  as  fliort, 
and  a  body  as  long,  as  the  preceding ;  but  each  foot  is  fur- 
niihed  with  four  toes,  and  the  body  is  marked  on  each  fide 
with  a  longitudinal  furrow. 

Thtfe  i\\\)  fpecies  will  form  hereafter  two  new  genera  in 
Lacepede's  genera  of  lizards. 

On  a  new  Kind  of  InfeEls  called  AtraBoceros, 

This  infe6l   v\'as   brought  from   the  kingdom  Owara,  in 
Africa,  by  Palifot-Beauvois.      The  name  given  to  it  bv  that  *] 
traveller   fignlfjes  the  fpindle  horn,   and  indeed   fuch  is  the 
foriJi   of  its  antennas.     It  is  diilinguiihcd  from  other  coleop- 
tera  bv  its  wmjs  being  much  longer  than  the  cover,  and  not 
folding  ui:Jer  them,  and  by  havmg  five  articulations  in  all  Jj 
the  tarfi.     Thi.s  lait  character  brings  it  near  to  the  f.aphitim,  * 
■while  the  preceding  gives  it  an  analogy  to  the    necydales. 
The  form  of  its   antennulae   is   very  fingular.     C.  Beauvois 
thinks  that  this  infect  lives  in  the  woods. 

ANIMAL     PHYSIOLOGY. 

On  the  Quajitity  of  Air  necefj'ary  for  the  Refpiration  of  a  cer- 
tain ISuniber  of  Indl'viduals  in  a  Space  where  it  is  ?ioi 
renewed. 

Experiments  made  with  machines  proper  for  navigating; 
imder  water,  made  laft  year  at  Havre,  and  lately  by  the 
Eni>hil"»  enorineer  Folkeftone,  made  Guvton  conceive  the  idea 
of  comparing,  on  that  fnbjeC^,  the  confequences  of  the  che- 
mical theory  of  refpiration,  the  refults  of  obfervations  made 
under  the  diving-bell,  and  the  attempts  made  for  the  fame 
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puTpoTe  by  Drebell  and  Halley.  After  having  calculated, 
hour  bv  hour,  the  conlaniplion  of  the  refpirable  part  of  the 
air,  and  the  formation  of  carbonic  acid  gas,  ho  indicates  the 
chemical  means  for  ameliorating  what  remains  of  the  former, 
and  of  abforbing  the  latter;  and,  in  the  lalt  place,  of  pre- 
venting the  danger  ari finer  from  accumulated  animal  emana- 
tions, 1)y  the  momenlaneous  opening  a  bottle  of  oxygenated 
muriatic  acid,  which  appears  to  him  very  proper  to  be  fub- 
ftituted  in  the  place  of  the  liquor  mentioned  by  Boyle  as 
bavins:  ferved  to  cool  the  air  in  a  veffel  rowed  under  water. 

o 

PHILOSOPHY  OF  VEGETABLES. 

O71  the  Influence   ivh'ich   the  Air  and  other   aeriform  Fluids 
have  on  Ger?nination. 

This  new  labour  of  Sennebler  is  a  fupplement  to  his  large 
work  on  the  phyfiology  of  vegetables.  The  experiments  were 
made  by  placing  the  feeds  on  moift  flannel,  under  bells  fdled 
with  different  kinds  of  gas,  the  influence  of  which  it  was  in- 
tended to  try.  AH  thefe  feeds  refufed  to  germinate  in  azote, 
in  carbonic  acid,  and  in  pure  hydrogen  gas.  The  prcfence 
of  oxytjen  was  in  general  neceliary,  and  its  employment  is 
in  pai-t  to  abforb  the  carbon  of  the  feeds,  to  form  of  it  car- 
bonic acid.  What  is  Angular  is,  that  pure  oxygen  is  not  the 
gas  mod  favourable  to  germination;  it  accelerates  germina- 
tion, but  it  weakens  it.  The  action  of  oxygen  mult  be  me- 
liorated by  the  prefence  of  a  fubftance  inactive  by  itlelf;  and 
we  here  find  that  wonderful  facl  prefented  to  us  by  fo  many 
other  circumfiances  of  the  organic  economy,  viz.  that  the 
mixture  moft  favoural)Ie  to  germination  is  that  of  Vvhich  the 
atmofphere  is  formed,  that  is,  about  three-fourths  of  azote 
to  a  fourth  of  oxygen ;  and  germination  does  not  lake  place 
at  all  if  there  is  not  an  eighth  of  oxygen  at  leaft  in  the  at- 
mofphere. 

But  the  manner  in  which  oxvgen  is  introduced  into  this 
atmofphere  is  not  a  matter  of  indifl'erence  ;  it  muit  be  poured 
into  it  fuddenly.  Were  it  made  to  enter  only  little  by  little, 
the  firll  portions  would  icarcely  be  fufficient  10  abforb  the 
carbon  of  the  feeds,  and  no  more  would  remain  to  vivify 
them. 

Seeds  mav  be  niade  to  crerminate  alfo,  by  mixing  oxygen 
with  carbonic  acid,  or  with  hydrogen.  In  the  latter  calc, 
the  carbon  which  ifiues  irom  the  feeds  unites  itfelf  inti- 
inat<ilv  with  the  hydrogen.  Too  much  carbonic  acid  in  air 
docs  more  hurt  to  feeds  than  too  much  azote,  and  too  much 
azote  more  than  too  much  hydroiren.  Various  vapours  may 
^\k>  alter  the  air,  fo  as  to  annilillate  germination  :  of  this 

S  4  kind 


aSo  Thilamatic  Sockfy  of  Vans, 

kind  are  thofe  of  fulphuric  ether,  of  camphor^  of  oil  of  tur- 
pentine, of  vinegar,  of  ammonia,  &c. 

This  neceflity  of  oxvgcn  in  nature  is  liable,  however,  to 
fome  exceptions.  Some  feeds  have  fuch  force,  that  they 
decompofe  the  water  to  fcparate  from  it  oxvijen,  if  they  can- 
not diipenfe  with  it  entirely  :  of  this  kind  are  peas,  which 
germinate  in  water  deprived  of  air,  in  everv  fort  of  gas,  and 
even  in  oil^  provided  they  have  been  before  iteeped  in  water. 

AGRICU(,TURE. 

Vrogrejs  of  the  Amelhratlon  of  IVool. 

TefTier  and  Huzard  gave  an  account  to  the  clafs  of  the 
fale  of  the  wool  and  iheep  of  the  flock  of  Rambouillet  in  the 
year  9,  as  well  as  of  the  progrefs  of  the  amehoratio'n  of  wool 
in  France  during  that  period.  The  rnolt  intereliing  experi- 
ment nientioned  by  them  wa?,  that  of  leaving  the  wool  on 
fome  fneep  for  two  \  ears :  by  thefe  means  it  acquired  double 
]en<ith,  pave  a  double  weio-ht,  without  any  inconvenience  to 
the  anin^ials,  and  was  rendered  exceedingly  proper  for  the 
manufacture  of  woollen  Ituils,  fo  that  it  was  employed  in 
making  kerfeymeers,  which  were  prefentcd  to  the  clal's,  and 
which  are  equal  to  the  beft  Englifli  Itufts  of  that  kind. 

PHILOAJATIC  SOCIETY  OF   PARIS. 

C.  Svlveftre  read  a  note  on  tlie  long  wool  of  the  flieep  of 
Rambouillet.  It  was  lono;  believed  that  Oieep  lofe  their  wool 
every  year ;  and  this  atfertion,  void  of  foundation,  iias  been 
advanced  in  x'^orks  of  great  refpe6tability.  The  members  of 
ilie  Council  of  Agriculture,  charged  with  the  infpection  of 
tlie  national  fheep  eftabb.diment  at  Ramlx)uillet,  were  de- 
firous  of  verifying  this  fa^l ;  and  for  tliat  purpofe  fjffered  the 
ibeep  to  remain  two  or  three  years  without  being  fliorn.  By 
tlicfe  means  thev  obtained  very  long  wool  of  uniform  fine- 
nefs,  and  which  was  equal  in  weight  to  what  would  have 
been  produced  by  two  or  three  fliearings. 

C.  Vauquelin  communicated  a  note  on  the  nature  of  the 
earth  eaten  by  the  inhabitants  of  New  Caledonia.  Humboldt, 
in  one  of  his  letters  to  C.  Fourcroy,  fpeaks  of  an  earth  eaten 
bv  the  Otom aquas  when  they  experience  a  fcarcity  of  pro- 
vifions*.  C.  Labillardiere  has  confirmed,  by  an  obfervaiion 
made  in  a  part  of  the  world  very  diltant  from  that  inhabited 
by  the  Otomaquas,  a  fa6l  equally  lingular — where  the  inha- 
bitants of  Nev/  Caledonia,  when  urged  by  hunger^  ate  large 
quantities  of  a  sreenifh  fteatrtes,  tender  and  friable.  It  may 
now  be  readily  conceived  how  the  horrid  cuftom  of  eating 

*  Fox  this  lett-^r  fee  Phi'cfophical  M.^gi7ine;  vo!.  "X. 
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prifoners  of  war  might  be  introdviced  among  a  lavage  people 
reduced  to  fuch  a  ftate  of  famine  as  to  be  obliged  to  fufpend 
their  hune:er  bv  diftending  their  ftomachs  and  inteft.nes  with 
an  earth)Mubrtance  which  has  no  other  ahmentary  quality 
than  that  of  being  friable. 

Vauquelin,  being  delirous  of  afcertaining  the  nature  of  this 
earth,  and  whether  it  contained  any  thing  nutritive,  ana- 
iyfvrd,  by  the  known  means,  fpecimens  of  it  iranl'mitted  to 
him  by  C.  Labillardiere. 

This  earth'is  foft  to  the  touch,  and  confifts  rf  fma]l  fibres 
eafy  to  be  divided :  it  becomes  red  in  the  fire,  and  lofes 
r,-j,- of  its  weight.  It  contains  37  parts  of  pure  magnefia, 
^6  of  filex,  17  of  oxide,  3  or  4  of  water,  and  2  or  3  of  lime 
and  co[  per. 

It  contains  therefore  no  nutritive  part,  and  can  be  confi- 
dered  only  as  a  burthen — .is  a  mechanical  mean  for  fuf- 
pending  the  pain  occafioned  by  hunger. 

The  fame  chemift  read  a  notice  on  blue  oxide  of  iron. 
This  fubftance,  fent  to  the  Council  of  Mines  by  baron  De 
jNJolt,  is  of  a  bright  blue  colour:  it  prtfents  itfelf  under  the 
form  of  fmall  infulated  malTes  in  the  caviri-es  or  fifliires  of 
quarts  and  hard  greenitli  fteatites.  It  is  friable,  but  a  little 
unctuous  to  the  touch.  It  lofes  its  colour  by  the  flame  of 
the  blow-pipe,  and  then  fufes  into  a  greenilh  white  glafs. 

It  lofes  its  colour  neither  bv  acids  nor  by  weak  alkalies  j 
a  circumftance  which  diftinguiihes  it  from.  lapis  I  :z?iii  and 
prulliate  of  iron.  It  communicates  to  the  muriatic  acid  in 
which  it  has  been  put  to  dioeit,  a  faffron  vellow  colour,  and 
lofes  a  little  of  its  own  colour ;'  but  it  cannot  be  entirelv  de- 
prived of  its  colour  without  diiiblving  it  at  the  fame  time : 
nothing  then  remains  but  the  fame  quantity  of  filex,  which 
feenis  to  ferve  it  as  matrix. 

In  examining  the  nmriatic  acid  which  ferved  for  this  ope- 
ration, it  is  feen  that  it  has  diflblved  alumine,  lime,  and  oxide 
of  iron;  but  neither  manganefe,  fulphurated  hydrogen,  nor 
phofphoric  acid,  fubftances  to  which  fome  might  be  inclined 
to  afcribe  the  blue  colour  of  this  oxide  ot  iron,  are  to  be  dif- 
covered  in  it.  The  caufe  of  the  verv  remarkabie  colour  of 
this  oxide,  a  colour  which  it  has  hitherto  been  impoflible  to 
communicate  to  iron  by  any  chemical  means,  ftill  remains, 
therefore,  to  be  determined.  It  appears,  however,  that  the 
iron  in  this  oxide  is  carried  to  a  degree  of  oxygenation  near 
to  a  maximum. 

Vauquelin  read  alfo  a  note  on  the  faline  fubflance  called 
77iuridate  of  Salzhourg.  This  matter,  to  which  Haiiy  has 
given  the  name  of  gypjfcrous  7nuriate  of  foda,  was  alfo  fent 

to 
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to  the  Council  of  Mines  by  baron  De  Molt.  Vniiquclirj 
found  in  it,  as  Klaproth  had  done,  an  union  of  fnlpbate  of 
lime  \\\\\\  muriate  of  foda;  which  gives  to  the  fonncr  the 
pRipertv  of  cryftalhzing  in  the  cubical  form  :  but  he  re- 
markt.i  likewife,  that  lOO  grains  of  this  fubftance,  broken 
into  fmall  fragments,  and  expofed  to  the  moll  violent  heat 
for  half  an  hour,  loll  none  of  their  weight:  ihey  only  be- 
came fomewhat  opake. 

It  is  very  fingular  to  fee  a  cryftallized  fait  entirely  deprived 
of  its  water  of  cryrtallization,  though  compofed  of  two  other 
falts  which  generally  contain  a  pretty  large  quantity  of  it. 

C.  Gi'ilet  read  a  note  on  the  emeralds  lately  difcovered  in 
France  bv  C.  Lelievre.  Of  the  fubftances  thought  to  be 
foreign  to  the  foil  of  France,  the  emerald  is  not  the  only  one 
which  has  been  difcovered  within  a  few  years  in  that  coun- 
try. C.  Gillet  mentioned  the  following  mineral  fubftances 
found  there  a  little  before  the  revolution  :  arragonite,  ana- 
tafe,  koupholite,  ftilbite,  dypire,  minilite  filex,  phofphated 
lead,  native  antimony,  carburated  iron  (plumbago). 

Since  that  period,  notwith (landing  the  fmall  number  of 
mineraloo'ical  tours  undertaken,  the  fbllowinp;  have  been  dif- 
covered :  dolomie,  porphyroidal  rock  with  a  calcareous  bafe, 
fulphated  llrontian,  aventurine  quartz,  anthracite,  ferrugi- 
nous fcheelin  (wolfram),  oxidated  titanium,  oxidated  anti- 
mony, chromated  iron,  oxidated  uranium,  arfeniated  lead^  Sec. 

MEDICAL   SOCIETY   OF  BOUKDEAUX. 

This  Society  has  offered  a  prize  of  300  francs  for  the  beft 
account  of  'l-e  doctrine  of  Hippocrates,  or  of  the  Hippocratic 
•  fchool  of  medicine. 

The  anfwers  to  this  qucftion  will  be  received  till  the  30lh 
of  July  1803. 

COLLEGE   OF   PHARMACY  AT  PARIS. 

On  the  loth  of  November  the  College  held  a  public  fitting 
for  the  diftribution  of  prizes,  the  mmifter  for  the  interior 
be  in  2:  preude*nt. 

Bouillon-Lagrange,  profeffor  of  chemifiry,  after  proclaim- 
\x\p  the  nauies  of  thofe  who  had  obtained  prizes,  gave  an 
account  of  th€  labours  of  the  Free  Society  of  Pharmacy  at 
Paris,  and  announced  the  prize  queftion  founded  by  the 
prffifciSt  of  the  department  of  the  Seine,  which  is  to  be  de- 
termined in   the  1-eginning  of  the  vear  12.     It  Is  as  follows: 

To   determine,   by  exact   experiments,    what  happens   to 

thofe  falts  n)o[t   frequently  employed,  and  particularly  the 

fulphates  of  foda  and  magnefia,   the  tartrites  of  potafh  and 

.  fuda,  h\  per-Gxygenatcd  niuriat<i  of  mercury,  and  tartrites  of 
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pDtafli  and  antimony,  when  mixed  with  the  ufnal  beverages, 
fuch  as  ptifans,  apozemSj  decoftionS;,  Ibups,  Vvhey,  the 
juice  of  herbs,  and  polions. 

The  following  memoirs  were  then  read  :— Obfervations  on 
the  internal  temperature  of  vegetables  compared  with  that  of 
the  atmofphere,  by  C.  Solome';  a  memoir  on  medical  wmes, 
bv  Parmentier ;  a'memoir  on  phofphoric  ether,  byBoudet; 
obfervations  on  the  formation  of  a  new  French  pharmaco- 
poeia, by  Champferu  ;  obfervations  on  the  juice  and  fvrup  of 
o;oofeberries,  by  Bourriat ;  a  difcourfe  on  the  utility  of  phar- 
macy, by  Dekinel ;  an  obfervation  on  the  exigence  of  phof- 
phorns  in  fugar,  by  BouUay. 

SOCIETY  OF  AGRICULTURE  OF  THE  DEPARTMENT 
OF  THE  SEINE. 

This  Society  has  offered  a  prize  of  500  francs  for  the  befl 
anfwer  to  the  following  queition  : 

I  ft,  How  does  manure  acl  in  general  ?  2d,  What  are  the 
different  kinds  of  manure  fuited  to  the  difterent  kinds  of  foil, 
and  the  different  nature  of  roots  and  plants  ?  3d,  What  are 
their  relative  qualities  in  thefe  different  cafes?  4th,  What 
are  the  different  ways  of  preparing  thefe  kinds  of  manure  > 
5th,  What  are  the  beft  methods  of  applying  them  ? 

The  anfwers  to  thefe  queltions  muft  be  fupported  by  facts. 
The  prize  will  be  decreed  in  the  month  of  September  1802. 
The  memoirs  muft  be  addreffed,  poft  paid,  to  the  fecretary 
of  the  fociety  before  the  20th  of  July  the  fame  year. 

The  Society  propofe  to  open  a  fubfcription  for  the  purpofe 
of  procuring;  fVom  Spain  4000  of  the  'fme-woolled  Spanifh 
ffieep,  which,  according  to  the  treaty  of  Bale,  ftill  remaia 
at  the  difpofal  of  the  French  governm.ent. 

THE   ROYAL  ACADEMY  OF   MEDICAL  PRACTICE  AT 

BARCELONA. 

A  prize  of  375  rials  has  been  offered  by  this  ^  cademy  for 
the  beft  effay  on  the  advantages  of  the  cow-pock  inoculation  ; 
with  this  exprefs  condition,  that  the  facts  adduced  muft  be 
fupported  by  actual  c>^)fervations  made  by  the  author. 

The  prize  will  not  be  adjudged  till  the  expiration  of  fouryears. 


;XLVII.  Intelligevce  and  Mifcellaneous  Articles, 
December  1801, 


GALVANISM. 


Un  this  fubjeft  we  have  wimeffed  fome  extremely  curious 
and  intercfting  refults  fince  our  laft  Number.     Our  prefent 

notice 
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notice  of  them,  liowever,  iliall  be  brief^  as  the  projecled  ex- 
periments have  not  all  been  gone  througli  with  thofc  varia- 
tions of  circLunftances  whieli  are  intended  to  accompany 
them.     Suffice  it  therefore  to  ftate  at  this  time, 

That,  in  concert  with  leveral  gentlemen,  zealous  promoters 
of  fcience.,  and Whofe  names  fliall  .be  flated  hereafter,  a  pile 
was  conftruCted  confifting  of  thirty-fix  pairs  of  plates  of  filver 
and  zinc,  with  di.ics  of  ilannel  moiilened  with  a  folution  of 
muriate  of  ammonia  interppfed  between  the  pairs  ;  that  each 
plate  was  ten  inches  in  dian^cter,  or  contained  78*54  fquare 
inches;  and  that,  confequently,  the  whole  furface  of  lilvcr 
in  the  pile,  reckoning  onlv  one  fide  of  each  plate,  was2827'44 
fquare  inches,  and  that  of  zinc ^the  fame. 

Wuh  this  pile,  at  a  meeting  of  a  committee  on  the  39th 
inft.  (December),  gold,  filver,  copper,  tin,  lead,  and  zinc, 
T?; ere  deflagrated  with  alienilhing  facility. 

Gold  burnt  with  a  very  vivid  white  light,  inclining  a  little 
to  blue.  This  experiment  afforded  an  opportunity  of  deciding 
a  point  left  undetermined  ifi  one  recorded  in  our  lad  Number, 
by  which  gold  was  deflagrated  without  any  refiduum  beino; 
perceived.  On  the  prefent  occafion,  there  was  left  on  the 
upper  plate  a  copious  oxide  of  a  deep  brown  colour,  inclining 
a  little  to  purple.  In  the  former  experiment,  the  end-plate 
r,f  the  troucrh  to  w-hich  the  gold  was  applied  was  vertical  :  the 
oxide  could  be  but  little  in  quantity,  and,  being  nearly  of  the 
colour-of  the  mahoorany  on  wdnch  it  fell,  accounts  fufficiently 
for  its  not  havin<:  been  perceived. 

Oliver  gave  a  vivid  green-coloured  flame,  extremely  bril- 
liant. The  colour  was  fomewhat  like  that  of  a  pale  emerald, 
r^vA  the  light  more  mtenfe  tha^  that  from  tlie  gokl.  Gave 
an  oxide  inclining  to  black, 

Ccpp<:r  prcfented  pha^nomena  fimilar  to  thofe  obferved  in 
vlcflagrating  gold. 
•    Lead  gave  a  light  of  a  dilute  blueifli  purple,  very  vivid. ' 

Tin,  a  light  fimilar  to  that  of  the  gold  ;  but  it  burnt  with 
kfs.energv, — perhaps  ovv'ing  to  the  leaves  being  thicker. 

'Zinc  gave  a  bliKifli  white  flame,  fringed  at  the  moment 
of  contact  with  red.  It  was  more  difficult  to  be  deflagrated 
than  any  of  the  former,  but  the  plates  at  the  fame  time  were 
much  thicker. 

The.  oxides  of  thefe  laft  four  metals  were  not  examined. 

Some  water  having  been  poured  upon  the  upper  plate,  fo 
as  to  form  a  kind  of  little  ftandino;  pool,  feveral  of  the  metals 
were  prefented  to  the  plate  through  this  water,  and  u'ere  de- 
ilagrated,  giving  the  fame  coloured  flame  as  when  prefented 
to  the  bare  plate.     A  vapour  was  fometimes  perceivable  in- 

itantlv 
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fontly  after  the  d'^flagration,  fuppofed  to  be  a  portion  of  the 
water  converted  into  (team  bv^  the  intenfe  heat. 

One  circumliimce  is  extremelv  worthy  of  remark.  The 
fhocks  from  this  pile,  though  in  a  Ihite  to  produce  fucli 
powerful  eficcls  on  the  metais,  could  be  taken  wiiii  very 
little  inconvenience. 

Dr.  V^an  Marum  and  profcfTor  Pfaff,  of  Kcil,  have  latelv' 
J/een  engaged  in,  a  feries  of  expf^riments  with  the  Voltaic  pile, 
by  means  of  which  they  are  ftated  to  have  charged  an  elec- 
trical battery  of  140  fquare  feet  of  furface  by  mere  contact 
with  the  pde.  The  account  that  has  reached  us  does  not 
i^ate  whether  the  battery  received  as  full  a  charge  as  could 
have  been  communicated  bv  an  electrical  machine,  or  only 
iuch  a  one  as  to  become  fenfible  to  an  electrometer.  If  tlje 
latter,  the  quantity  of  furface  named  tends  to  miflead,  for  a 
frngle  jar  mioht  have  (riven  the  fame  indication  5  but  if  140 
fquare  feet  received  a  full  charge,  the  experiment  will  prove  a 
n:ioft  intcreftingone.  The  iame  account  Itatcs,  that,  ^'  by  the 
cleclricify  of  this  apparatus,  (namely,  the  N'olta'ic  pile,)  they 
lufed  12  inches  of  iron  wire:  even  platina  v.ire  was  fufed  bv 
it.*'  If  we  underftand  the  laniiuage  here  ufed,  it  means  that 
the  wire  was  fufed,  not  through  the  medium  of  an  eleftrica! 
battery  charged  bymcans  of  tlit  pile,  though  the  introduction 
of  the  word  elcElncitv  may  feem,  at  firfi:  view,  to  convey  that 
idea,  but  by  being  brought  directly  into  the  Voltaic  circuit, 
li  we  are  rigfit  in  this  opinion,  it  was,  properly  fpeakino-,  a 
defiagratioii  and  not  a  merefufion  of  the  wire  that  took  place; 
i.  e,  the  metal  was  wholly,  or  in  a  great  nieafur€,  oxid-ed,  in- 
ftead  of  being  altered  in  f)rm  only,  as  is  the  cafe  in  fimple 
fufion  :  if  fo,  it  was  an  experiment  of  the  fame  nature  as  thofe 
related  above,  in  which  fcveral  fjuare  inches  of  gold  and  filver 
leaf,  &c.  were  deflagrated.  The  detail  of  Dr.  Van  Marum  and 
profeiror  i-'faff's  experiments,  which  thefe  gentlemen  have 
promifed  to  publifli  in  a  Ihort  tinj.e,  will,  houever,  foon  cle?r 
up  the  ambiguities  of  the  liiort  accoimt  that  has  reached  us. 

F  U  L  M  I  N  A  r  I  X  G   M  E  R  C  U  R  V . 

The  effefts  of  an  accidental  explofion  of  a  quantity  of  the 
fulminating  mercury  of  Mr.  Howard,  which  was  experi- 
enced at  Dr.  Pearf)n's  Inboratory,  while  at  le^lure,  a  few- 
days  ago,  feem  to  be  futticiently  remarkable  to  be  worth y 
of  being  recorded,  and  may  potliblv  tlsiou'  fome  li<iht  on  the 
a^gency  of  this  powder,  and  indicate  fome  ufeful  applications, 
in  praclice. 

The   powder  juft  collefted    from   the  filtering  paper,  ori 

which  it  lodged  after  the  li!j.uid  from  which  it  was  precipi-, 
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tatjed  bad  pafTcd  throuoh,  was  put  on  paper,  and,  for  expe- 
dition, laid  in  four  loole  parcels,  (each  oF  which,  when  dry, 
would  have  weighed  about  thirty  grains,)  on  a  tile  one  inch 
and  a  half  thick  and  eight  inches  fquare,  which  had  been 
previoufly  heated  to  a  degree  a  little  above  what  could  be 
borne  bv  the  hand.  The  tile  was  placed  on  a  table,  and  left 
without  farther  notice,  to  allow  the  j^owder  to  become  dry. 

At  the  end  of  about  half  an  hour  the  whole  of  it  exploded, 
making  a  report  equal  at  leaft  to  that  of  the  difcharge  of  a  32 
pounder,  as  declared  by  a  naval  furgeon  then  prefent.  The  tile 
was  fliivered  into  a  number  of  pieces,  and  broken  quite  thrpugh 
the  middle;  two  panes  of  a  window,  at  the  diltauce  of  about 
eight  inches  from  the  tile,  \^ere  alfo  fliivered  ;  one  of  which 
was  oppofitc,  and  the  other  immediately  above  it ;  but  none 
of  the  adjoining^  fquares  of  glafs  were  broken.  On  another 
fide,  at  the  dlltance  of  about  two  feet  from  the  tile,  flood  a 
frame  containing  bottles  of  fpecimens  of  chemical  prepara- 
tions, not  one  otWhich  was  broken  ;  nor  did  any  of  the  pupils 
fuffer,  who  were  fittingr  on  a  form  only  three  feet  from  the 
powder  which  exploded.- — The  whole  of  the  room  was  filled 
with  thick  white  fumes;  and  the  windows  were  covered  with 
quicklilver,  depoiited  from  the  exploded  powder. 

1.  The  above  accident  fliows  that  the  mercurial  prepara- 
tion cannot  be  employed  for  throwing  projectiles  like  gun- 
powder, the  mode  of  agcncv  of  the  explofion  being  on  quite 
different  principles,  as  is  evident  from  what  is  above  related ; 
particularly  in  the  Irafturing  of  the  thick  tile,  and  the  very 
little  didance  to  which  the  concuffion  of  the  air  was  propa- 
gated. 

2.  Tt  appears  that  the  fidminating  mercury  is  calculated 
for  fhiverini]^  rocks  or  large  itones  by  its  explofion. 

3.  From  the  comparatively  low  temperature  at  which  the 
powder  exploded,  it  may  be  employed  for  certain  deflruc- 
tive  purpofes  in  time  of  war,  by  being  confmed  in  veffels  that 
are  liable  to  be  heated. 

4.  From  the  aimofi:  infinite  velocity  with  which  a  train  of 
this  powder  may  be  fired,  it  is  calculated  for  fetfing  on  fire 
tilings  which  cannot  be  effected  by  a  train  of  gunpowder  *. 

AXTiaUITY   OF  THE   EARTH. 

In  a  former  Number  we  mentioned  the  French  having 
found  in  Egypt,  on  ^'omc  of  the  antient  monuments,  different 
fiiiures  of  the  zodiac,  which,  fuppofing  them  to  have  been 
originally  formed  when  the  heavens  had  a  correfponding  pofi- 

''^  Coniraunicatcd  by  ^Irs.  R.  Lowry,  a  p'-'pil  of  Dr.  Pearfon. —  For  a 
farther  ncco'jnt  of  this  powder,  we  beg  to  refer  our  readers  to  IMr.  How- 
ard\  paper,  given  in  a  preceding  volume. 
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tion,  tended  to  aive  to  our  earth  a  much  higher  oriirin  than  our 
received  chronology  attrihutes  to  it.  According  to  fome  phi- 
lofophers,  we  mult  go  back  from  the  prefent period  15/00 
years;  and  even  tlien  we  lliall  only  arrive  at  the  time  in 
which  the  figures  of  the  zodiac  were  contrived  :  but  the 
world  may  have  undergone  nianv  previous  revolutions. 

With  aU  the  fenibluuceof  faoacity  and  truth  which  accom- 
panies this  mode  of  argument,  nothing  can  be  more  unphilo- 
ibphical  than  the  inference.  Is  it  not  an  admitted  fact,  that 
one  of  the  firlt  efforts  of  aftronomers,  after  their  fcience  had 
attained  a  certain  degree  of  perfeftion,  was  to  draw  from  it 
fuch  modes  of  arrangement  and  calculation  as  might  be  ufeful 
in  adjufting  the  current  time;  and  that  the  period  from  whicii 
\hQ.y  fuppoJ'td\\w\v  account  to  fet  out  was  in  a  great  meafure 
arbitrary^  depending  on  the  multiplication  of  cycles  into  each 
oUier,  coimting  backward  from  any  pofition  of  the  heavenly 
bodies  iu  the  then  current  acre,  to  the  period  in  which  thefe 
bodies  (according  to  their  tables)  muft  have  flood  in  a  pofi- 
tion fitting  the  purpofe  they  had  in  view? 

Does  not  the  evidence  adduced  in  different  papers  in  the 
Afiatic  Refearches  amount  almolt  to  a  demonilration  that, 
txcepting  a  period  which  accords  very  well  vi'ith  the  Scripture 
accounts,  the  whole  Branun  chronology  o^  myriads  of  years 
is  merely  a  clumfv  aftronomical  fief  ion,  which  at  rlrft  was  not 
even  intended  to  deceive  ? 

We  may  alfo  ftaie  h.ere  another  well  known  facl, — that  it 
was  long  a  favourite  opinion  with  aftrologcrs,  that  all  the  pla- 
nets muft  have  been  m  conjunction*  in  the  fjrft  fcruple  of 
the  fign  Aries  when  the  world  was  made;  becaufe  tlicn, 
according  to  them,  was  the  proper  time  t:>  be(j:in  a  year ! 
Others  might  have  been  for  a  different  arrangrement,  i.  e.  a 
differently  conftruiffed  zodiac  ;  biit  whichever  had  the  created 
number  of  fuffrages  at  any  period,  can  never  prove  any  thing 
as  to  the  fact  in  queftion. 

But,  not  to  dwell  on  a  fubject  fo  unpr^^fitable,  or  on  the 
early  prcpenfity  of  different  nations  to  forge  for  thenifclves 
an  high  antrquity,  is  it  not  known  to  every  one  that  the 
Julian  period  had  an  arbitrary  commencement?  If  the  hif- 
tory  of  this  fact  had  been  loft,  and  correfpondino;  zodiacs  hnd 
been  found,  would  it  have  been  correct  to  have^iaferred  that 
they  were  made  6500  years  ajio  ? 

LITEnATL'RE, 

Lord  Elgin,  our  ambiffador  at  Conftantinople,  havintr 
fent  from  that  city  to  Athens  feveral  artiit-,  v.ho  caufed  diji- 

Let  the   planets  be  all  vvithout  an/  laciiude  in  luch  a  corxiun^lion — 
^vhen  did  it  take  place  ? 

gent 
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gent  fearch  to  be  made  in  the  Temple  of  Thcfeus,  we  learn 
that  thev  were  fo  fortunate  as  to  find  there  ahnoft  all  the  bas- 
rehefs  which  formerly  ornamented  the  Temple  of  Minerva. 
Thefe  monuments,  a  great  many  infcriptions,  and  all  the 
unis  capable  of  being  tranfported,  have  been  feiit  by  the 
Porte  to  England. 

A  M.  de  Hammer  alfo  has  made  valuable  difcoveries  at 
Paphos,  and  has  found  at  Rofetta  a  complete  copy  of  the 
original  of  the  Arabian  Nights  Entertainments.  Indeed, 
fcveral  copies  of  this  work,  in  Arabic,  have  been  found  in 
Egypt,  as  well  by  Mr.  Hammer  as  by  Mr.  Clarke  of  Jefus 
College,  Cambridge,  and  by  the  members  of  the  French 
Inftitute ;  but  Mr.  Hammer's  attainments  are  infinitely  more 
extenfive,  and  exclufively  embrace  fome  objects  of  the  higheii; 
importance  to  the  literary  world. 

Mr.  Hammer  is  a  German  gentleman  of  rank,  who  was 
fent  by  the  Emperor  of  Germany,  for  the  purpofe  of  explor- 
ing the  literary  treafures  of  Perfia,  Arabia,  Egypt,  &c. 
Durinq;  the  eventful,  and  we  may  fay  miraculous,  campaign 
of  Sir  S.Smyth  in  Syria,  Mr.  Hammer,  then  on  his  travels, 
became  known  to  him,  and  profited  by  the  extenfive  in- 
fluence and  character  of  our  countryman  to  profecute  his  re- 
fearches.  He  has  by  thefe  means,  feconded  by  extenfive 
talents,  and  a  perfeft  knowledge  of  the  Arabic  and  other 
laniruages,  obtained  more  interefting  matter  than  even  the 
French  Inftitute  was  able  to  collect.  Amongft  other  cu- 
riofities,  he  has  brought  to  this  country,  an  Arabian  manu-' 
fcript  of  great  antiquity,  furnifhing  a  complete  key  to  the 
hieroo;]yphics,  bv  which  he  has  been  enabled  to  tranflate 
various  infcriptions  on  the  pyramids.  Sec.  and  thus  eftablifh 
the  obje^ls  for  which  thofe  flupendous  maffes  were  ere6led. 

he  Moniteiir  (the  French  official  journal)  of  the  i8lh  De- 
cember, announces  that  the  Chevaher  de  Coral,  the  Spaniih 
ambalfador  at  Conllantinople,  received  intelligence  at  Her-- 
manftadt,  on  his  journev,  that  a  learned  Spaniard,  now  tra- 
vel iins:  at  the  king's  expenfe,  has  difcovered,  in  Morocco,' 
a  complete  manufcript  copy  of  Titus  Livius,  written  in 
Arabic. 

DEATHS. 

Lately,  at  Chateauneuf,  in  the  departmeiit  of  Saone  and 
Loire,  in  the  houfe  of  his  brother-in-law,  C.  Dree,  the  cele- 
brated Dolomicu,  member  of  the  National  Inftitute,  arid  well 
known  by  his  important  labours  in  regard  to  mineralogy. 

On  the  TC^ih  of  November  lad',  at  Nice^  Jofeph  de  Eeau- 
champ,  the  celebrated  aitronomer,  who  refided  many  years 
at  BatxJad  and  other  places  in  the  Eall. 
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N  the  Philofopliical  Magazine  for  November  1799  are 
inferted  feveral  experinients  performed  bv  me  to  prove  whe- 
ther the  experiment  of  the  French  chemilts  at  the  Polytechnic 
School  relative  to  the  formation  of  ftcel  by  means  of  the  dia- 
mond was  fufficiently  conclufive.  Reding  upon  the  relultof 
thefe  experiments,  no  inference  could  be  drawn  to  validate 
the  accuracv  of  the  Parifian  experiment  In  everv  cafe,  fuicd 
metallic  malTes  were  obtained,  when  neither  diamond  nor  car- 
bonaceous matter  was  ufed,  which,  from  defcription,  refem- 
bled  every  wav  the  button  obtained  by  fufion  in  contact  with 
the  diamond.  The  refuits  produced  in  my  experiments,  when 
hammered,  and  put  to  the  ul'ual  tefts  of  heatincr,  and  plun- 
ging into  water,  exliibited  the  ufual  ftate  of  fteel,  clofed  par- 
tially in  the  gram  like  ioft  fteel j  and  refiftcd,  in  a  confidcrable 
degree,  the  application  of  the  file.  This  was  proof  beyond 
that  afforded  by  the  French  chemifts.  The  unufual  lefts  of 
polidiing  up<'Mi  the  lapidary's  wheel,  dropping  the  nitrous 
acid,  and  exhibitincr  the  fracture  of  the  metallic  button,  are 
not  fatisfadtory  proof  to  the  artift  that  fteel  was  here  pro- 
duced. 

Some  time  after  the  communication  of  the  above  experi- 
ments^ my  countrvman  Sir  George  M'Kcnzie  read  a  paper 
before  the  Royal  Society  of  Edinburgh ;  in  the  former  part 
of  which  he  exhibited  refultL^  to  prove  that  the  experiment  of 
the  French  chemifts  relative  to  the  diamond  forming  fteel 
was  quite  conclufive;  and,  in  the  latter  part  of  his  paper,  he 
detailed  a  variety  of  experiments  to  invalidate  a  conclufion 
which  I  had  drawn^  of  carbcni  diflolved  in  caloric  penetratino- 
dole  veftels,  and  by  its  union  with  iron  forming  fteel.  I  ftiall 
in  this  paper  take  the  liberty  of  making  a  few  remarks  upon 
thefe  ditfercnt  experiments^  as  they  occur  in  the  order  of  Sir 
George's  arrangement. 

I  think  it  pnjpcr  here  to  premife^  that  mv  not  fubfcribing 
implicitly  to  the  conclufions  drawn  by  the  Parifian  chemifts 
and  Sir  George  M'Kenzie  relative  to  the  diamond  and  iron, 
proceeds  not  from  faftidious  fcepticilm  as  to  the  carbonaceous 
matter  of  the  diamond ;  I  only  wiftj  ihat  the  fact  of  its  form- 

♦   CumrouuicatcH  by  the  Author. 
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ing  (leel  by  its  union  with  iron  (hould  be  eftablidicd  by  e.t- 
pcrimcnts  more  perfect  and  more  rigorous  than  any  hitherto 
performed,  before  a  conclufion  fo  important  be  drawn  and 
refted  upon. 

The  remarks  made  in  the  firfl:  paragraph  of  this  paper 
apply  equally  to  the  rcfults  of  Sir  Georire  as  defcribed  by 
him,  and  that  of  the  Polytechnic  SchoolT    So  far  as  the  de- 
icription  of  parties,  and  the  lefts  ufed  bv  each,  go,  the  refults 
obtained  in  the  experiments  communicated  bv  me  feem  to 
prove,  with  equal  certainty,  the  prefence  of  fteel ;  and,  as  a 
further  proof  of  this,  I  ihail  adduce  from  the  baronet's  own 
experiments  an  identity  of  rcfults  obtained  in  two  of  his  own 
operations,  v/herein  it  appears  difficult  to  diftinguifli  betwixt 
the  nature  of  the  produds.     I  allude  to  that  obtained  when 
the  diamond  \va-  inclofed   in  a  cvliudcr  of  iron,  and  to  an- 
other experimeni,  wherein,  following  the  procefs  of  Clouet, 
he  fufed  a  mixture  of  iron,  carbonate  of  lime,  and  pounded 
crucible*.     In  the  treatment  of  thefe  products  refpe6lively, 
no  fixed  or  determinate  feature  of  fteel  is  applicable  to  the 
one  more  than  the  other.     If,  therefore,  in  the  courfe  of  fub- 
fequent  communications,  I  prove,  by  the  mod  unexception- 
able experiments,    that  the  decompofition  of  the   carbonic 
acid  in  lime  never  atibrded  one  particle  of  carbon  to  the  iron 
fufed  in  contact  with  it,   which  iron  poflefled  fimilar  proper- 
ties with  that  obtained  along  with  the  diamond,  fo  far  as  the 
baronet's  obfervation  and  tells  went,  will  not  the  experiment 
ot  the  diamond  formino-  (teel  appear  Itill  more  equivocal,  and 
require  more  demonftrative  proofs  of  its  combination  with 
iron  than  any  yet  adduced  ? 

Upon  the  baronet's  fecond  experiment,  wherein  he  ex- 
pofcd  a  portion  of  iron  under  circumitances  fimilar  to  thofe 
of  the  diamond  experiinent,  and  obtained  no  fufion,  I  fhall 
iliortly  remark :  That  the  uncertain  and  unequal  degree  of 
heat  obtained  in  a  fmith's  forge,  particularly  if  fingle  blafted, 
will  ealily  account  for  a  few  globules  being  fufed  in  the  one 
cafe,  and  none  in  the  other.  Bltftcrs  were  found  in  both, 
and  it  does  not  appear  by  any  comparative  trials  of  quality 
that  thefe  blilters  uere  eflentially  ditlerent,  or  produced  bv 
different  caufes.  To  prove  that  an  irregularity  of  heat  mioht 
produce  the  difference  noticed,  namely,  the  fufion  of  a  few 
globules  of  the  iron,  a  reference  might  be  made  to  others 
of  Sir  George's  own  experiments,  where  in  one  he  fufed  iroD 
filincxs,  but  could  not  reduce  frao-ments  of  horfe-nails  ! 

The  major  part  of  Sir  George's  experiments  which  follow^ 

*  Sec  Nicholfonis  Chemical  Journal,  No.  xl.  pages  105  and  107. 
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thofe  relative  to  the  diamond,  divide  themfelves  into  two 
parts :  thofe  wherein  heat  enough  \vas  empioyed,  and  in 
which,  confequently,  the  iron  was  found  reduced ;  ^nd  vice 
verfa.  In  even,'  cafe,  had  the  baronet  Doifeffed  powers  of 
furnace  fufScient,  he  would  have  obtained  a  fuled  refult.  In 
thofe  experiments  where  fuiion  was  obtained,  the  quantities 
were  fo  fmall  that  they  atforded  but  a  fcaaty  portion  for  fub- 
fequent  tefts. 

So  far,  however,  we  a^e  airrecd,  that  malleable  iron  is  fufible 
either  alone  in  a  crucible,  or  in  cont:ict  with  earths  of  various 
kinds.  It  is  relative  to  the  nature  of  the  produfts  thus  ob- 
tained that  we  differ  :  a  fair  ftatement  of  the  fa6ts,  as  they 
relate  to  the  experiments  of  Sir  George,  the  French  chemifts, 
and  thofe  communicated  by  me^  will  beft  expbin  the  points 
at  ilTue. 

C.  Clcuet  firfl:  announced  two  new  proceffes  for  the  fufion 
of  iron,,  and  for  the  converfion  of  it,  in  the  one  cafe  into  caft 
fteel  equal  in  quality  to  the  F.nglifli  marks  of  Hindfman  and 
Marfliall;  and  in  the  other,  the  converfion  of  it  into  a  kind 
of  caft  iron  bv  means  of  glafs.  The  former  experiment^ 
being  deemed  of  national  importance,  was  formally  fubje6ted 
to  the  ableft  chemifts  in  France  for  fatisfaclorv  documents  as 
to  the  correelnefs  of  C.  Clouet's  pretenfions.  This  was  un- 
dertaken and  executed  by  citizens  Guyton,  d'Arcet,  and 
Vauquelin;  who,  after' repeated  experiments  in  the  fabrica- 
tion and  fubfequent  forgine  of  the  fteel,  pronounced  it,  in 
conjundion  with  their  moft  eminent  artifts,  pofielTed  of  all 
the  *'  external  charafters  and  intrinftc  qualities  of  the  Englifh 
caft  fteel  of  the  manufadories  of  Huntzman  and  Marfchall; 
that  it  mav  be  ufed  for  the  fame  purpofes,  and  be  introduced 
in  competition  with  it  in  comu)erce,  without  fear  of  any 
diftinclion  being  made  to  its  prejudice.'" 

Shortlv  after  thefe  experiments  were  annovmced  in  this 
country,  I  refolved  to  repeat  them  along  with  others,  not 
onlv  with  a  view  to  prove  the  fads  eftablifhed  by  the  French 
chemifts,  but  more  particularly  with  a  view  to  explain  feme 
curious  refults  in  the  manufacf  ure  of  cmde  iron,  the  fource 
of  which  I  had  not  before  an  opportunity  to  explore,  and 
i^'hich  would  not  admit  of  a  fatisfa6fory  explanation  upon 
Clouet's  fuppofition  of  the  decompofition  of  the  carbonic 
acid  and  the  union  of  its  carbon  with  iron. 

The  progrefs  and  detail  of  thefe  experiments  (hall  hereafter 
be  given ;  TufRce  it  at  prefent  to  fay,  that,  in  following  the 
proccfs  laid  down  by  C.  Clouet,  with  clay,  carbonate  of  lime, 
and  iron,  a  refult  fimilar  to  his  was  obtained :  but  1  found 
alfo,  that  when  lime^,  carefully  deprived  of  its  carbonic  acid, 
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was  introduced  as  a  fLibftitute  for  the  carbonate,  the  fufioa 
and  the  quaUty  of  the  button  produced  were  in  every  refpect 
the  fame  !  The  metal,  fubjeilrlcd  to  a  variety  of  tcfts,  exhi- 
bited the  various  phaenomena  mentioned  in  a  former  part  of 
tliis  paper.  Convinced  that,  from  whatever  caufe  this  ap- 
pearance of  fteel  was  derived,  the  carbonic  acid  was  entireiy 
neutral,  I  next  ventured  to  fubjetl  iron  to  fulion  per  Je;  and 
the  refult  anfwercd  the  novelty  of  my  expectations.  Beautiful 
buttons  were  obtained,  of  various  magnitudes,  pofl'ell'ed  of 
fimilar  properties  with  thofe  obtained  with  the  carbonate  and 
clay,  and  with  the  de-acidified  hme  and  clav.  The  quality 
of  thefe  unalloyed  buttons  varied,  and  exhibited,  in  a  greater 
or  lels  degree,  the  properties  aicribcd  to  the  others.  From 
frequent  repetitions  of  the  fame  experiment  with  various  iizcd 
crucibles,  1  found  the  iron  lefs  altered  in  a  crucible  whofe 
capacity  was  little  more  than  the  contents  introduced,  than 
when  a  lars[er  crucible  was  ufed  to  the  lame  weioht  of  iron. 

Thus  circumftanced,  and  unable  to  account  for  this  appa- 
rent formation  of  fteel  in  any  other  vvav,  I  concluded  that 
fuch  was  the  affinity  of  iron  for  carbon,  that  when  protected 
from  common  air,  and  expofed  to  a  high  temperature,  it  de- 
compofed  the  ignited  gas  of  the  furnace,  feized  its  carbon, 
and  coniVituted  Iteel ;  and  that  the  degree  of  faturation  de- 
pended upon  the  area  prelented  by  tlie  interior  furface  of  the 
crucible  to  any  ii:iven  quantity  ot  iron. 

I  had  advanced  thus  far  when  I  communicated  the  general 
refult  of  thefe  experiments  in  the  Philofophical  Magazine  for 
November  1799. 

Soon  after  this.  Sir  George  APKenzie  read  the  paper  for- 
merly alluded  to.  In  it  he  informs  us  that,  when  he  pro- 
duced heat  enouirh,  malleable  iron  was  fufible  per  Je;  but 
be  alleges  that  in  no  cafe  was  the  quality  of  the  metal 
altered. 

In  the  prefent  Itate  of  my  information  upon  the  fubjecl  at 
itTue,  I  fhall  cheerfully  give  up  the  conclufion  I  had  formerly 
drawn,  of  fteel  being  formed  by  carbon  diifolved  in  caloric. 
I  have  Hated  the  progrefs  of  my  mind  fo  far  as  it  was  biafied 
bv  the  experiments  formerly  communicated ;  and,  far  from 
wifhing  to  confound  by  any  arcruments  advanced  in  favour 
of  the  deduAion  I  formerly  made,  I  regret  the  facility  with 
which  the  mind  is  naturally  inclined  to  indulge  in  favour  of 
received  opinions. 

The  long  received  opinion,  that  pure  malleable  iron  was 
infufible,  and  the  unqualified  approbation  palled  upon  a  mo^ 
dification  of  iron  exactly  fimilar  in  quality,  by  the  ablell  che- 
milts  in  Paris,  led  me  into  a  falfe  appreciation  of  the  quality. 

of 
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of  the  produ(5ls  obtained  in  mv  own  manipulations.  Aferies 
of  experiments^  which  I  Ihall  cornuiiinicate  through  the  me- 
dium of  this  pubHcation,  will,  1  hope,  carry  with  them  the 
moft  evident  demonltration,  that  in  attributing  to  their  refuhs 
the  merits  of  ca(t  fteel,  or  fteel  of  any  quahty,  the  French 
chemilts  have  deceived  themfelves,  and  led  into  error  many 
whofe  confidence  in  their  labours  was  entire. 

I  cannot,  however,  fubfcribe  with  the  fame  facility  to  the 
conclulion  drawn  bv  Sir  Georo-e,  that  the  fufion  of  malleable 
jron  does  not  in  the  leaii:  alter  its  quality :  but  1  (liall  at  pre- 
fent  wave  adducing;  anv  experiments  to  prove  the  contrary  ; 
they  Ihall,  however,  be  criven  hereafter  in  their  proper  place. 
The  baronet's  experiments  afford  one  inllance,  however, 
which  he  has  overlooked  in  forming  the  opinions  on  which 
his  artertions  are  founded.  He  fuled  two  parcels  of  iron 
filings,  the  one  alone,  the  other  mixed  with  oxide.  From 
thele  were  obtained  two  buttons  of  iron  exactly  fimilar  in 
quality,  which  quality,  from  the  eulogium  of  the  artilt,  we 
may  juftlv  infer  was  improved  bv  the  fufion. 

The  queftion  which  moft  forcibly  occurs  here  is  this : 
What  revived  the  oxide  in  contact  with  the  iron  ?  What 
affinitv,  in  this  cafe,  was  exerted  to  difengage  the  oxygen 
and  revive  the  metallic  particles  ?  The  prefence  of  carbona- 
ceous matter  mull  be  inferred.  This  again  we  mull  fuppofe 
united  to  the  iron,  involving  this  confequence,  that  good 
malleable  iron  contains  a  portion  of  charcoal  capable  of  re- 
viving at  leaft  i-TOth  part  of  its  weight  of  oxide  of  iron.  If 
this  mixture  is  necelTary  to  conilitute  good  malleable  iron, 
and  a  fubftance  be  added,  which,  to  a  phyfical  certainty, 
muft  deprive  it  of  this  neceirnry  conttituent  part,  will  the 
fufed  ao-frregate  ftill  be  of  the  iame  quality  as  a  portion  of  the 
fimie  iron  fufed  alone,  or  an  orio;inal  portion  compared  with 
it  from  the  bar  *  ? 

I  fliall  conclude  this  paper  with  the  following  obfervation, 
founded  upon  dear-bought  experience,  and  which  I  hope 
neither  Sir  George  nor  i\\i  artiil  will  conceive  as  in  the  lead 
degree  perfonal. 

In  fubmitting  metallic  refuUs  to  undergo  the  neceilarv 
lefts  by  a  workman,  the  greatell  polfible  degree  of  caution  is 
neceflary  not  to  imprefs  him  w^ith  the  nature  of  the  wiflied- 
for  refult.  A  fingle  experinient  often  is  the  foundation  of  a 
theory;  and  workmen,  from  the  laudable  motive  of  plealing 

*  I  hope  hereafter  10  fhow  that  all  malleable  iron  contains  a  portion  of 
charcoal;  that  this  is  elTenriallv  neccirarv  to  its  proper  cxiftence  ;  and  that 
depriving  it  of  this  carh  tnaceous  mix:uie  dcbafcs  its  vjuality  by  a  total 
arunhiiaiion  of  its  properties. 

T  3  a  fuperior. 
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a  fuperlor,  as  well  as  of  exciting  a  clifpoiition  to  a  more  va- 
luable remuneration  in  fubfequent  trials,  foon  difcover  the 
bias  of  thii  operator's  mind,  and  artfully  ftrengthen  that  pre- 
difpofing  partiality  which  fets  mature  inveitigation  afide. 
Thus  frequently  may  a  difinterefted  perfon  be  the  innocent 
caufe  of  much  error,  and  the  occafion  of  many  tirefome  and 
laborious  experiments. 


XLIX.   The  f  7ne  Methods  of  Reafojihig  common  to  Mnthe- 
matlcs   a?id    to    Natural    Hijhry   and   other   Branches   oj 
Fhjjics.     By  Mr,  R.  Heron. 


Y 


IB,  To  JSlr,  Til  loch. 


OUR  valuable  Publication  fupplies  much  agreeable 
evidence  of  the  conftant  advancement  of  phyfical  fcience  in 
all  its  branches.  Yet  one  cannot  help  obferving,  that  there 
exift,  between  the  votaries  of  the  ftudics  of  pure  and  mixed 
mathematics,  and  the  ftudents  of  chemiftrv  and  natural  hif- 
tory,  a  mutual  jejloufv  and  mifunderftanding.  which  are,  I 
fear,  fometimes  not  a  little  inaufpicious  to  the  general  pro- 
grefs  of  phiiofophy.  You  iliall  rarely  fee  mathematics  and 
natural  hillory  fiourifh  at  the  fame  time,  and  in  the  fame 
fchool  of  fcience.  The  mathematician  looks  with  contempt 
on  the  naturalift ;  and  that  contempt  the  naturalift  feldom 
fiuls  abundantly  to  repay.  1  here  is  even  fuppofed  to  be  an 
incompatibility  between  thefe  different  (tudies,  fo  great,  that 
he  who  excels  in  the  one  muft  not  hope  to  fucceed  in  the 
other. 

But  thefe.  Sir,  are  merely  groundlefs  prejudices.  It  is  not 
to  propofe  a  paradox — when  I  affirnij  that  ^'  the  truths  of 
mathematics,  and  the  reafonings  by  which  thefe  are  difco- 
vered,  have  the  moft  exact  analogy  with  thofe  of  natural  hif- 
tory,  and  indeed  of  every  other  branch  of  fcience  that  can  be 
named."  I  am  induced  to  fend  you  the  followinp;  (liort  ex- 
planation of  this  propolulon,  not  in  the  idea  of  fupplving  in 
it  a  new  difcovery  for  the  ufe  of  the  fcientific  and  the  learned, 
whofe  views  are  truly  profound  and  enlarged  ;  but,  as  believ- 
ing it  of  great  importance,  that  this  principle  fliould  be  ren- 
dered familiar  to  the  minds  of  thofe  who  are  now  entering 
upon  philpfophical  ftudy ;  and  as  hoping  that  fome  of  thofe 
who  are  mere  bigots  of  mathicmatics,  and  of  thofe  who  are, 
on  the  other  hand,  mere  bigots  of  natural  hiitory,  maybe 
brought  mutually  into  good  humour  by  it. 

L  Conlider  the  nature  of  thofe  reafonings  by  which  ma- 

4  thematical 
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thematical  truths  are  dilcovered.   Number  and  figure,  points 
and  lines  in  all  their  poffible  combinations,  raagnvtudes  or 
quantities,   are  the  iubjefts  of  mathernatical  im-Eft.gnt.on 
Oftheie,  we  brino;  not  into  the  world,  by  reminifcence  from 
a  former  ftate,   of  bv  innate  infpiration,  anv  oriamal  know- 
ledge prior  to  experience  by  the  fenfes.     So  fi.nple,  however, 
anlprimarv  are  their  ideas,  that  they  may  be  confidered  as 
nearly  coeval  with  the  firlt  opening  of  the  mind  to  percep- 
tion.    The  line,  the  point  indeed,  which  we   perceive  by 
fenfe,  poflefs  not  each  that  perfeftion  in  its  kind  which  ma- 
thematical fcience  afcribes  to  it.     Yet  from  fenle  are  our 
primarv  notions  of  the  mathematical  line  and  point  never- 
thelefs 'derived.     We  obtain  the  notions  of  anima  and  vege- 
table  forms  and  colours  more  perfeaiy  beaufiul  than  any 
which  are  aclaally  to  be  feen,  folely  by  abftraftmg  and  again 
combinine  in   idea  the  beauties  which  are  in  nature  diftri- 
buted  amSno-  difterent  animals  and  vegetables      \\  e  form  m 
imao-inationlhe  charafter  of  a  truly  wife  and  good  man  by 
a  fimilar  abliraaion  and  combination  of  qualities,  which  in 
real  life  arc  never  to  be  feen  together.     We  e.xalt  our  minds 
to  conceive  the  exiftence  of  the  all  perfeft  Ruler  ot  the  uni- 
verfe,   alfo  bv  the  abftraftion  of  the  beft  qualities  which  we 
difcover  in  his  creatures,  and   by  combining  them  m  our 
thoucrhts  in  the  hiohcft  perfeftion  in  which  we  are  able  to 
imagme  their  coexTltence.   And  it  is  ju(t  in  the  fame  manner 
that!  bv  abftradion  from  the  point  and  line,  which  can  be 
materiailv  reprefented  to  our  eves,  we  attain  to  the  concep- 
tion of  a  mathematical  point  without  length,  breadth,  or 
thicknefs;  and  of  a  mathematical  line,  which  ot  theie  qua- 
lities ha?  none  attributed  to  it  but  length.  ,  ■     , 
Thu=;  far,  then,  the  fundamental  notions  in  mathem.itica! 
fcience  are  cained  precifely  in  the  fame  manner  in  "hich  we 
arrive  at  tile  knowledge  of  generic,  fpecific,  or  claflific  cha- 
rafters  in  natural  hiftory;  by  obfervmg  individuals  in  ma- 
teria! nature,  and  by  abftratling  thofe  qualities  which  are 
common  to  numbers;  leaving  out  thofe  which  ferve  but  to 
particularize  individuals,  and  making  the  qualities  abftrao ted 
and  combined  anew,  to  our  minds,  the  common  reprefenta- 

"'Nulb'rs  are  generated  from  points;  all  other  definite 
magnitudes  from  fines  ;  and  a  hue  i.felf  ,s  -'''fo  P^;'!;!^^^  ^';,'" 
■>  oSint  But  we  have  no  realon  to  believe,  that,  it  matena 
'nature  did  not  fujrgeft  to  our  conception  the  repetitions  ot 
nnitv,  by  prelenting  '""re  individual  objeas  than  one  to  our 
noticL  we  ftould  ever  have  formed  the  idea  ot  two.  Nor  ,s 
it  certain  that  wc  (hould  have  been  able,  m  ""^g"^^!^-;;;.,;^ 
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diftinguil},  lines  into  the  fpecies  of  curved  and  firaieht   unleft 

^ons  from  n,atenal   exifience,  juft  as  exadlv  as     e  th  "  I 
nera    fpeces,  &c.  in  natural  hiftory;   but  our  no'ions  of  fh,- 

a'dd";tonlt;o'"r"'  ^■^'^""°"^'  bv  "".^-Tlira    ,  f  nd 
aad  tion,  lo  a>  to  produce  new  variet  cs  of  them   are  rm-lnl^ 

i.i  the.r  or,.ni  produced  by  a  farther  obfenS  of  ma.t   al 

naua-e,   and  wuhout   this,   molt  probably,   could  no    I   ft 

tinough  all  us  combmations,  or  who  combines,  in  exten 

eSi'l  ::"  Zr^  ;'"  r^^^^  .''"-«•-  of  eu'ned'rn 
I^^f  lu  T        '  '^'"Pl^y-S  m  thele  ads,   a  mental  oroceft 

perfectly  analogous  to  that  of  the  poet  ^^M,^Z Tj U    ut 
chara6ersofden,es,  n,en,  and  dLrons,   bv^  ew  ™mb  n!' 
t.ons  otthofe  moral,  intelieftual,  and  bodily  oi  a  it  es  vhi^h 

Sdirdo?  ml  a"  '"/"■'"''"  '"  ^^'^'  '''"-  T^is  ml  I  ™  a- 
done  hv  fl''.  '  ^  """?  f""''''''^'>'  """'^■-  '"  'hat  which  is 

done  by  the  common  malon  or  carpenter,  who  frames  of 
flone  or  wood,  mauv  new  figures  of  buildu  .,  fum iture  and 
uenCls,  not  exaftly  fim.lar  perhaps  to  any  that  he  n  mha"" 
fen  ,n  f.mpleunv,ola,ed  nature.'  The  ihemif  ads' nt,: 
fame  m.nn.r,   m  every  trial  of  the  unknown  combiU" o  s 

the Ti^ara^r^'Apd' >  ""  "'.T'^'';"  '^^  ''^^^  to"^cft!iT 

,.rt,t^e£:,atelh:'ni;^r:ri?i^r-f;:-„'i/';:£'- 

lu  ev-ery  d.erfity  of  crcumftances'in  whic'h  h    can  t  ne 
that  a  new  quahty  may  be  difplayed  by  it  'maguie 

Compare  the  fimp'er  operations  in  arithmetic  with  tbofe 
of  logic.  Mulfphcanon  is  only  an  abbreviation  of  add'  on 
add.uon,  m  every  act  of  it,  fin^ply  compare.,  f.veral  d  ff  ent 
individuals,  and  thus  afcertains  that  they  belong  o  the  fmc 
fpeces  :  every  aft,  whether  of  addition  or  of  m^ultm  cat  o 
isprccfely  that  e.lipnca!  fyllogifm  which  is  namedTr^  enhv' 
nieme.  In  every  aft,  whether  of  the  one  or  ot  'h e  Zt" 
there  ,s,  m  truth     an  analyfis  of  particulars,   and  a  ee  eral 

and  .  a,e  4.     This   as  a  fyllogifm,  affirms,  that  all  nmnhert 
contaim..g  equal  umts  are  equ=al:  4  expreffes  a  can  com 
bma  K.n  o,  umues  :  2  and  ^  make  Together  exaftW  the  Ik  ,  ; 
combination  ot  umiics;  3  and  3  ar?  therefore  eouai  ,0 
thl   ^rf  T'n'""''  ^'2''''""^  ">  "■'^"t  P^flis    ,    h?s  n  ind  in 

he  e  ft  t;d  "'5^:::!;  t'  'ri" ':.'  "'^  ^^  '^^^^^^^^ '" 

^Krf.    .         /'S^'*'.'  '"'^  ^■^^  of  addition  fliows,  jut  like  the 
obfervation  of  a  role-trcc  only  in  leaf,  and  of  a -"rofe-lrec  m 
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full  flower  In  natural  hlltory,  that  2  and  2  are,  as  well  as  4, 
but  combinations  of  the  lame  fpccies,  genus,  order,  or  clafs 
of  unity.  It  is  alio  an  example  of  analyiis  and  induction. 
You  analvfe  when  vou  coniider,  as  one  unavoidably  does, 
the  conltituent  units  ieparately;  you  draw  your  general  in- 
ference when  vou  perceive  the  equalities.  Any  act  in  mul- 
tiplication might,  as  to  the  reafoning  of  it,  be  in  the  fame 
manner  illuftrated.  Subtradlion  reafons  exaftly  in  the  fame 
manner  as  addition;  but,  initead  of  equalities,  dilcovers  dif- 
llmilitude,  and  of  that  diffimihtude  gives  a  numerical  defi- 
nition. Diviiion  combines  the  reafonings  of  addition  or  mul- 
tiplication with  thofe  cf  fubtraftion.  The  rule  of  three  is, 
mod  obvioufly,  a  chain  of  abridged  fvllogifms:  a  procefs  of 
regular  analylis  and  induction  ;  an  afcertaining  of  the  proper 
fpecies,  8cc.  to  which  certain  individuals  belong.  Purfue 
the  reafoninos  which  refpect  numbers  through  every  other 
varietv  of  the  accuilomed  operations;  and  you  liinll  tind,  (till, 
nothing  but  the  fiime  adts  of  ratiocination  conftantlv  repeated. 
A  fvllogittic  comparifon  of  ideas  ;  to  difcovtr  equality  or  dif- 
ference; a  procefs  of  analvfis  and  induction;  a  reference  of 
individuals  to  their  rcfpcctive  fpecies,  ot  Ipecies  to  their  ge- 
nera. Sec.  i^cc.  ;  are  Itill  the  only  acfs  of  intelleA  which  are 
performed  :  and  ftill  the  mind  is  confcious  of  no  ideas  but 
what  have  their  origin  in  the  obfervation  of  material  exift- 
ences,  and  in  abltraCtion  from  thefe. 

Thus  it  is  in  that  part  of  mathem.atics  which  abftracls 
quantitv  from  extenfion,  and  concerns  itfelf  only  about  the 
relations  and  properties  of  number  coofidered  exchilively  of 
figure. — Examine,  on  the  other  hand,  any  of  the  propofitions 
and  demonftrations  of  Euclid,  or  anv  other  mathematician  who 
inveftigates  the  qualities  of  figures  in  the  antient  form  of  riia- 
thematical  reafoning.  Does  he  demonllrate  a  theorem  ?  This 
is  onlv  to  eftabliih,  by  anidyfis  and  induction,  a  general  fact 
before  unknown.  Is  he  to  fo've  a  prf-;blem  ?  This  is  to  explain 
the  fecret  cauies  of  a  general  truth  before  known,  but  unac- 
counted for;  to  invent  a  rule,  and  prove  it  to  be  founded  on 
a  due  knowledge  of  the  relations  of  tilings;  or  to  adopt  a 
rule  from  others,  and  to  fhow  by  what  means  it  is  that  com- 
pliance with  this  rule  perfectly  accompliflies  the  end  propofed. 
A  theorem  and  a  probK  ni  differ  from  one  another  mcrelv  as 
two  different  modes  for  fuggelting  the  lame  queliion  or  quef- 
tinns  of  the  fame  fpecies.  In  both,  the  mind  analvfes  and 
abftra6ls  jn(t  as  in  the  profecution  of  any  difcoverv  in  naiural 
hiftorv.  The  train  of  demondration  in  the  works  of  all  the 
antient  mathematicians  who  treat  of  figure,  is  a  feries  of  en- 
tbymcme-s  or  abbreviated  fvllogifms.     When  I  go  about  to 
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dcmonftrate^  that  the  three  angles  of  anv  triangle  are  equal 
to  two  right  angles ;  what  elfe  is  this,  but  to  Ihow  that  the 
three  angles  of  a  triangle  are  one  fpecies  of  the  fnbdiviiions 
into  which  the  magnitude  of  two  right  angles  maybe  marked 
out?  Can  a  lingle  cafe  of  mathematical  inquiry  be  pointed 
out,  in  which  the  leafoning  fliall  not  appear  to  have  the  moft 
perfeft  analogy  with  that  which  is  ufed  in  every  other  branch 
of  fcicnce,  and,  indeed,  in  the  whole  bulinefs  of  common 
life?    ImpoOible. 

But  the  mathematician  reprefents  all  magnitudes  by  com- 
binations of  lines  incapable  of  exhibiting  folid  contents,  or 
even,  with  accuracv,  the  diverfities  of  furface;  and  in  his  de- 
monltrations  emnlovs  the  letters  of  the  alohabet  to  denomi- 
nate  thofe  lines.  lie  does.  But  the  ab fractions  of  the  fancy 
of  the  poet  are  thus  reprefentcd,  and  but  in  part,  by  the 
imajrery  of  the  fculptor  and  the  painter.  The  naturalift  thus 
employs  delineations  of  thofe  objecfs  which  he  cannot  keep 
conllantiy  under  his  a6lual  inlpeclion.  The  letters  of  the 
alphabet,  and  other  figns  not  in  any  other  way  fignificant, 
are  employed  in  our  reafonings  in  every  other  branch  of 
knowledcre,  juft  as  well  as  in  mathematics.  If  a  few  tech- 
nical terms  be  peculiar  to  this  branch  of  the  fcience  of  the 
macrnitudes  of  fi<nire  ;  are  not  certain  fets  of  technical  terms, 
m  almoft  every  other  inftance.  much  more  numerous  than 
thofe  of  mathematics,  peculiar  refpec^fivelv  to  every  different 
fcience,   and  to  every  different  branch  of  art  ? 

It  may  ftill,  however,  be  alleged,  that  there  is  a  peculiarity 
in  algebra,  that  branch  of  mathematical  reafoning  in  which 
the  moderns  chiehy  delight.  But,  no  :  the  reafonina;  is,  even 
in  algebra,  ftill  the  fame.  The  (igns  only,  and  the  abbre- 
viations, are  fomewh.at  different.  Algebra  refines  even  upon 
the  abttraciions  of  arithmetic,  and  enables  the  mind  to  pro- 
ceed through  a  long  train  of  reaftniing  refpecfing  numerical 
quantities,  magnitudes,  or  diitiniSl  values  of  any  fort,  without 
the  intervention  of  common  laneuaare,  or  even  of  the  com- 
mon  figns  of  number.  But  th.e  object  is  itill  to  arrange  in- 
dividuals under  their  fpecies,  fpecies  under  their  n;enera,  ae- 
ncra  under  abdractions  ftill  n;ore  comprchenlive,  &c.  The 
reafoning  is  ftili  bv  an  analytical  collection  of  particular  facts, 
and  a  concluf.on  to  a  general  truth  from  their  aoreement. 
1  lie  fcries  of  abbreviated  fvUogifms  may  be  juft  as  clearly 
traced  in  demonffrations  by  algebraic  fvmbols,  as  in  thofe  in 
whieh  more  tedious  forms  of  words  are  employed,  Aloebra 
is  but  the  brachygraphy  of  mathematics:  and  fliort-hand 
writing  implies  no  peculiarity  of  reafoning,  but  merelv  a  vo- 
luntary and  conventional  connection  of  certain  fians  with 
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certain  primary  obje6ls,  whether  founds,  words  written  in 
alphabet,  or  diftincl  exiftences  in  nature.  In  the  higher 
parts  of  algebra,  and  indeed  throughout  all  mathematics, 
are  many  abbreviations  nearly  finiilar  to  that  in  which  arith- 
metic fubltitutes  multiplication  for  addition.  But  has  not 
every  branch  of  knowledge,  in  like  manner,  its  abbrevia- 
tions, by  means  of  v,hich  its  reafonings  are  brought  con- 
tinually nearer  to  the  quicknefs  and  certamty  of  intuition  ? 

IF.  All  that  fcience  does  is,  not  to  create  new  exiftenccs, 
to  bring  into  the  knowledge  of  man  fomething  that  was  never 
before  known   to  mind,  but  merely  to  obferve  individuals, 
and  to  form,  bv  abftraCtion,  general  notions  bv  which  human 
thought  may  become  capable  of  a   much  greater  number  of 
individual  conceptions  than  it  could  by  other  means  poflibly 
comprehend.     In  fliort,  all  human  fcienre  is  thus  reduced  to 
arrangement  convenient  to  memory,  and  ferving  merely,  as 
it  were,  to  enlarge  the  range  of  the  mind's  eye.     Now,  ma- 
thematics is  not  a  folitary  exception :  all  its  difcoveries  are 
merely  difcoveries  of  exiftence  and  arrangement.     A  m.athe- 
matical   point   is  the  genus  geneTal'iJjhmim   of  the  fcience. 
Points  repeated  with  relation  merely  to  numerical  quantity; 
and,  on  the  other  hand,  points  repeated  fo  as  to  form  ex- 
tenfion  ;  are  the  two  great  genera  included  immediately  under 
that  genus  ixeneraliffimum.     If  we  purfue  lincallv  extended 
quantity  into   fubdivifions   continually  lower,  wefliall   find 
next  the  three  fpecies  of  lineal  extenfion  bv  ftraight  lines,  by 
curves,  and  by  angles.    Under  the  fpecies  of  ftraight  Unes  are 
?J1   the  fubordinate  fpecies  of  merely  longitudinal  extenfion, 
with  their  mutual  relations  and  differences.     The  fpecies  of 
curves  has  under  it  all  the  inferior  fpecies  of  magnitudes  or 
figures,  which  can   be  formed  and  bounded  by  curved  lines 
alone,   without  the  intervention  of  angles  or  itraight  lines. 
The  fpecies  of  angles  comprehends,  as  fubordinate,  all  tlie 
different  forts  of  fingle   angles  which  can  be  formed  bv  the 
meeting  of  two  ftraight  lines.     Subordinate  to  the  anisic  and 
the  ftraight  line,  jointly,  afe  all  thofe  figures  complete  on  all 
fides,  which  are  formed  bv  the  combination  of  (traight  lines 
and  angles  only.     There  is  a  fifth  clafs  of  fubordinate  fpecies 
referable  to  the  angle,  the  ftraight  line,  and  the  cur^'c,  jointly, 
which  includes  all  the  fubordinate  fpecies  of  figures,  all  thofe 
modes  of  extenfion,  in  which  angles,  fi:raight  lines,  and  curves 
are  combined.     It  were  eafy  to  purfue  thefe  fubdivifions  con- 
tinually lower,  even  to  every  conceivable  diverfity,  in  the 
modes  of  extenfion.     It  might   be   fliown   that  number  is 
merely  arrangement  into  genera  and  fpecies.  Sec.   with  the 
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fame  eafe  with  which  this  is  evinced  of  extended  masriiitude^. 
But  I  will  not  multiplv  examples  of  what  is  fo  obvious. 

When  time  is  made  the  iubjecl  of  mathematical  calcula- 
tion ;  it  is  then  confidered  either  as  numerical  quantity,  or  as 
hneally  extended  magnitude^  or  as  a  combination  of  the  one 
with  the  other. 

Diitances  are  obvioufly  fubjcc^ls  of  mathematical  calcula- 
tion, foiely  becaufe  they  are  modes  of  lineal  exteniion. 

Nothincr  elfe  can  be  brouo-ht  under  the  mere  forms  of 
mathematics  without  a  ficlion,  that  it  is  either  numerical  or 
lineally  extended  quantity. 

All  the  truths  of  mathematics,  antient  and  modern,  pure 
and  mixed,  might  be  more  happilv  than  in  any  other  mode 
of  expofition  unfolded  in  a  fyftematic  arrangement,  like  that 
under  which  Linneeus  has  difpofed  the  hiftory  of  the  king- 
doms of  nature,  or  the  table  in  which  the  French  chemilts 
contrived  beautifully  to  itate  the  truths  and  analogies  in  the 
Lavoilierian  fyfiem  of  that  fcience. 

I  do  not  at  all  communicate  this,  Sir,  as  any  mighty  dif- 
coverv.  I  fnould  only  wiih  to  convince  fome  mathematicians 
that  naturalifts  rcalon  juft  as  much  as  they,  and  prccifely  in 
the  fame  way;  that  mathematics,  like  all  other  branches  of 
human  fcience,  deals  merely  in  the  difcernment  of  exiftence 
and  in  arrangement;  that  it  is  not,  therefore,  more  remote 
than  any  other  fcience  from  the  common  fenfe  and  common 
utilities  of  life;  that  it  has  no  right  to  be  elteemed  the  only 
fcience  by  which  the  reafoning  powers  are  to  be  fucceisfully 
invigorated;  that  its  forms  may  be  vet  advantageouily  fim- 
plitied ;  and,  that  all  its  general  and  ipecific  truths  might  be 
very  intelligibly  exhibiied  in  one  fyftcm,  and  in  one  or  two 
grand  tables. 

At  my  firft  leifure,  Sir,  T  fliall  take  the  liberty  of  addrefling 
you  on  a  different  fubjeft ;  and  ihal]  communicate  certain 
taifts,  from  which  the  electrical  fluid  appears  to  me  to  be 
certainly  an  oxide  oj  caloric, 

I  am,  Sir,  yours, 

R.  Heron. 

London, 
D' camber  7ih,  i8ct. 
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L.  Report  gfjcn  in  to  the  Clafs  of  the  Afathematical  and 
Vhxjical  Sciences  of  the  French  National  hijlitute  on  the 
Kxperunents  oj  Volt  a  ^  made  the  2d  of  December  1800  *. 

JL  HE  flrft  galvanic  phienomena  confifted  of  mufcular 
contrac^lions  excited  bv  the  contact  of  a  metallic  arc.  Gai- 
vani  and  feveral  other  philofophers  confidered  them  as  pro- 
duced by  a  peculiar  ele6lricity  inherent  in  animal  parts. 
\  oka  firft  announced  that  the  animal  arc  introduced  into 
thefe  experiments  ferved  only  to  receive  and  manifeft  the  in- 
fiuence,  but  very  little,  or  not  at  all,  to  produce  it.  The  muf- 
cular irritation,  which  was  at  firft  fuppofed  to  be  the  import- 
ant part  of  the  phienomenon,  was,  according  to  him,  only 
an  effedl  of  the  electric  a6lion  produced  by  the  mutual  con- 
tiicl:  of  the  metals  of  which  the  exciting  arc  was  formed. 
This  opinion,  which  found  partifans  as  well  as  opponents, 
cauled  the  experiments  proper  for  fnpporting  or  combating  it 
to  be  multiplied;  and,  as  is  always  the  cafe  in  the  infancy  of 
dilcoveries,  there  appeared,  alono;  with  fa6ls,  a  number  of 
fmgular  anomalies,  which  rendered  it  more  difficult  to  trace 
out  their  connection,  and  which  were  then  even  inexplicable, 
becaufe  thev  arofe  from  very  delicate  circumftances,  the  in- 
fluence of  which  was  not  well  known. 

Such  was  the  ftate  of  this  branch  of  philofophy  when  the 
conimiffion  delivered  in  to  you  its  firlt  report:  its  obje<5t  had 
been  to  determine  with  accuracy  the  conditions  proper  for 
calling  forth  and  modifving  the  galvanic  effecls ;  it  did  not 
attempt  to  explain  them,  and  confined  itfclf  to  prefentinor 
them  in  that  order  which  feemed  moll  proper.  At  that  pe- 
riod we  were  not  acquainted  with  the  refearches  by  which 
C.  Volta,  purfuing  the  path  he  has  opened,  endeavoured  to 
connect  with  his  tirft  difcovery  all  the  phcenomena  exhibited 
bv  galvanifm.  He  has  fince  made  known  a  great  manv 
others,  equally  important,  which  he  has  conne6led  together 
by  a  very  ingenious  theory ;  and  if  any  thing  ftill  remains  to 
be  don^  to  determine  with  exat^tnefs  the  laws  of  this  (ingular 
a6tio[i,  and  to  fubjeft  it  to  rigorous  calculation,  the  principal 
f^iits  at  leall,  which  ought  to  ferve  as  the  bafis,  feem  to  be 
invariably  fixed. 

Your  commiflion  propofes  at  prefent  to  give  an  account  of 
thefe  fundamental  experiments,  and  the  method  in  which 

♦  The  commiinon  charged  with  this  report  conhfTcd  of  Laplace,  Cou- 
lomb, H;ille,  Mongc,  Fouicroy,  Vauquclin,  Pclletan,  Charles,  Brilioii, 
Sabaihicr,  Gu%'ton,  and  Bio:. 

Volta 
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Volta  employed  them  for  the  eftablifhment  of  his  theorv^ 
It  is  much  indebted  to  that  learned  man  for  the  readinefs 
with  which  he  repeated  them,  feveral  times,  before  the  com- 
miflioners;  who  can  thus  vouch  for  their  truth  and  correcl- 
iiefs.  The  principal  fact,  that  from  which  all  the  reft  may- 
be deduced,  is  as  follows  : 

If  two  different  metals,  infulated,  and  having  only  their 
natural  quantity  of  elec-lricitv,  are  brought  into  conta6l, 
when  removed  from  that  contael  they  are  found  in  different 
Itates  of  ele6lricitv  :  one  is  pofitive,  and  the  other  negative. 

This  difference,  very  fmali  at  each  contact,  beins:  accu- 
mulated in  an  ele6fric  condenfer,  becomes  fufficiently  ftrong 
to  caufe  the  electrometer  fenfibly  to  diverge.  The  action  is 
not  exercifed  at  a  diftance,  but  only  on  the  contact  of  dif- 
ferent metal? ;  it  fubfiils  as  long  as  the  contact  continues, 
but  its  intenfitv  is  not  always  the  fame.  It  will  here  be  fuf- 
iicient  to  take  as  examples  copper  and  zinc.  In  their  mutual 
contael:  the  copper  becomes  negative,  and  the  zinc  becomes 
pofitive. 

Havinor  proved  the  development  of  metallic  elecStricitv  in- 
dependently of  any  moift  conductor,  C,  Volta  introduces 
thefe  conductors. 

•  If  a  metallic  plate  be  formed  of  two  pieces,  one  of  zinc 
and  the  other  of  copper,  foldered  end  to  end ;  if  the  ex- 
tremity of  the  zinc  be  held  between  the  fingers;  and  if  the 
other,  which  is  of  copper,  be  made  to  touch  the  upper  plate 
of  the  condenfer,  which  is  alfo  of  copper,  the  latter  \vill  be 
charcred  negatively.  This  is  evident  from  the  preceding  ex- 
periment. 

On  the  other  hand,  if  the  copper  extremity  be  held  be- 
tween the  fingers,  and  if  the  other  extremity,  which  is  of 
zinc,  be  made  to  touch  the  upper  plate  of  the  condenfer, 
which  is  of  copper,  v,'hcn  the  contact  is  deftroyed,  and  the 
upper  plate  is  removed,  it  has  not  acquired  electricity,  though 
the  lower  plate  communicates  with  the  common  refervoir. 

But  if  paper  moiftened  vrith  pure  water,  or  any  other  moift 
conductor,  be  placed  between  the  upper  plate  and  the  zinc 
extremity,  the  condenfer  becomes  charged  with  pofitive  elec- 
tricity. It  becomes  charged  alfo,  but  negatively,  v/hen  the 
upper  plate,  covered  with  a  moift  conductor,  is  touched  by 
the  copper  extremity,  holding  the  zinc  extremity  between 
the  fingers.  Thefe  fafts  are  inconteliable ;  they  have  been 
verified  bv  the  commifiion. 

The  manner  in  which  C.  Volta  explains  them,  and  refers 
them  to  the  preceding,  is  as  follows : 

Metals,  fays  he^   and  perhaps  all  the  bodies  in  nature, 

exercife. 
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e.xercife,  a?  has  been  faid,  a  reciprocal  acllon  on  their  re- 
Ipeclive  electricities  at  the  moment  of  contact.  When  the 
metallic  plate  is  held  by  its  copper  extremity,  a  part  of  its 
eleftric  fluid  paiTes  into  the  oppofite  plate,  which  is  of  zinc ; 
but  if  this  zinc  is  in  immediate  contact  with  the  condenfer, 
which  is  alfo  of  copper,  the  latter  tends  to  difcharge  itfelf  of 
its  fluid  with  equal  force,  and  the  zinc  cannot  tranfmit  any 
to  it :  after  the  contact,  therefore,  it  muft  be  found  in  its 
natural  ftate.  On  the  other  hand,  if  a  piece  of  moift  paper 
be  placed  between  the  zinc  of  the  plate  and  the  copper  plate 
of  the  condenfer,  the  nun-ing  pouer  of  the  electricity,  which 
cxifts  only  at  the  time  of  contact,  is  deftroyed  between  thefe 
two  metals  :  the  water,  which  fcems  to  enjov  this  property 
in  a  very  weak  degree  in  regard  to  metallic  fubfiances,  checks 
only  a  yery  little  the  tram'million  of  the  fluid  from  the  zinc 
lo  the  condenfer,  and  the  latter  may  be  charged  pofitively. 

In  the  lalt  place,  when  the  condenfer  is  touched  w-ith'the 
extremity  of  the  plate  which  is  of  copper,  the  moift  paper 
interpofed,  the  proper  action  of  which  is  exceedingly  weak, 
does  not  prevent  the  metallic  plate  from  conveying  a  part  of 
its  metallic  electricity  into  the  plate  of  zinc:  then,  by  de- 
ftrovinor  the  contact,  the  condenfer  is  found  charged  neaa- 
tively. 

From  this  theory  it  is  eafy  to  explain  the  Voltaic  pile. 
To  do  it  with  more  fimpl icily,  we  fliall  fuppofe  that  it  is 
formed  on  an  infulator,  and  we  fliall  reprefent  by  unity  the 
excefs  of  electricity  which  a  piece  of  zinc  ought  to  have  over 
a  piece  of  copper  inmiediatelv  touched  by  it*. 

If  the  pile  is  compofed  only  of  two  pieces,  a  lower  one  of 
copper  and  the  fuperior  of  zinc,  the  electric  frate  of  the 
former  will   be  reprefented  by  —  4,  and  that  of  the  fecond 

by-h4-    . 

If  a  third  piece  be  added,  which  muft  be  of  copper,  to 

produce  a  diiplacement  of  the  fluid,  the  lower  piece  of  zinc 

muft  be  feparated   by  a  piece  of  moift  pafteboard;   it  muft 

then  acquire  the  fame  elecl:ric  ftate  as  the  latter;  at  ieaft,  it 

will  be  lo  if  we  neo;leCt  the  adtion  proper  to  the  water,  which 

appears  very  fmall,  and  perhaps  alfo  the  very  weak  refiftance 

*  The  quantities  of  ele£l  icity  accumulated  in  a  body  beyond  its  natural 
ftate  arc,  catrris  paribus,  proportional  to  the  repulfive  force  v.  ith  which  the 
moieculie  of  the  Huid  tcn-d  to  fcparate  from  each  other,  or  to  repel  a  new 
molecula  which  oi>e  may  auem|'t  to  add  to  tJiem.  Tiiis  repuhive  furct, 
which  in  free  bodies  is  bal'inced  bv  the  refiitance  of  the  air,  coiifiituiis 
what  vvc  call  the  tendon  of  the  fluid  :  a  tenfipn  which  is  not  proportioned 
to  the  divergency  of  the  ftraws  in  Voita's  ele6trometer,  nor  to  that  of  the 
balls  in  SauiTure's,  and  which  cannot  be  accurately  mealured  by  means  of 
the  eiedtnc  balance. 

whiuh 
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which  that  liquid^  as  an  imperfc6l  condu6lor  of  elc^^trlcitv. 
can  oppofe  to  the  conununication.  The  apparatus  being  in- 
fulated,  tlie  excefs  of  the  upper  part  can  be  acquired  onlv  at 
the  expenfe  of  the  piece  of  copper  which  is  below  :  the  re- 
ipeclive  llatcs  of  thefe  pieces  will  be  no  longer  the  fame  as  iu 
the  preceding  experiment,  and  will  become. 

In  the  lower  piece,  which  is  of  copper,  —  t  >  ^^  ^^^^  ^^" 
cond,  which  touches  it,  and  which  is  o'i  zinc,  —  y  -f  i,  or  y. 
The  third,  which  is  of  copper,  and  which  is  feparated  from 
the  preceding  bv  a  piece  of  moift  card,  w^ill  have  the  fame 
quantity  of  ele<Slricity,  that  is  to  fay,  +  i;  and  the  fum  of 
the  quantities  of  electricity  loft  by  the  firft  piece  and  acquired 
by  the  other  two^  will  be  Hill  equal  to  zero,  as  in  the  cafe 
of  the  two  pieces. 

If  we  add  a  fourth  piece,  which  will  be  of  zinc,  it  mud 
have  an  unit  more  than  that  of  the  copper  over  which  it  is 
immediately  placed  :  as  this  excefs  can  be  acquired  only  at 
the  expenfe  of  the  inferior  pieces^  fmce  the  pile  is  infulated, 
we  (hall  have : 

For  the  lower  piece,  which  is  of  copper,  —  i  :  for  the  fe- 
cond  piece,  which  touches  it,  and  which  is  of  zinc,  o;  that 
is  to  lav,  it  will  be  in  its  natural  ftate ; 

For  the  third  piece,  which  is  of  copper,  and  which  i»  fe- 
Darated  from  the  former  by  a  piece  of  moid  card,  o;  it  will 
be  alio  in  its  natural  ftate ; 

Laftlv,  for  the  upper  piece,  which  is  of  zinc,  and  which 
is  in  contact  with  the  preceding,  —  i. 

Purfuing  tlie  fame  reafoningr,  the  ele^lric  ftate  of  each 
piece  of  the  pile  will  be  found  bv  fuppofing  it  infulated,  and 
formed  of  anv  number  of  elements  ;  the  quantities  of  elec- 
tricity will  increafe  for  each  of  them,  from  the  bafe  to  the 
fummit  of  the  column,  accordino-  to  an  arithmetical  progref- 
iion,  the  fum  of  which  will  be  equal  to  zero. 

For  the  greater  fimplicity,  if  we  fuppofe  that  the  number 
of  the  elements  is  even,  it  will  be  eafy  to  afcertain,  by  a  very 
iimple  calculation, 

'I'hat  the  lower  piece  which  is  of  copper,  and  the  upper 
piece  which  is  of  zinc,  mult  be  equally  elecfrified,  one  more 
and  the  other  lefs ;  and  the  cafe  will  be  the  fame  in  regard  to 
the  pieces  taken  at  an  equal  diltance  from  the  extremities  of 
the  pile. 

The  eleftricitv,  before  it  pafTcs  from  pofitive  to  negative, 
will  become  null ;  and  there  will  always  be  two  pieces,  one 
of  zinc  and  the  other  oP copper,  which  will  be  in  the  natural 
ftate.  They  will  be  in  the  middle  of  the  pile :  this  is  what 
has  been  fcen  in  the  cafe  of  four  pieces,  for  example. 

6  Let 
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Let  us  now  fuppofe  that  the  communication  is  eftabliihed 
between  the  lower  part  of  the  pile  and  the  common  refervoir: 
it  is  evident  that  in  this  caie  the  lower  piece  of  copper,  which 
is  neaativelv  electrified^  will  tend  to  relume  from  the  ground 
what  it  has  loit ;  but  its  eleclric  ftate  cannot  be  changed 
without  that  of  the  upper  pieces  varying,  fince  the  electric 
difrl-rence  of  the  one  from  the  other  muft  always  be  the  fame 
in  the  ftate  of  equilibrium.  It  is  neceifary,  then,  that  all  the 
negative  quantities  of  the  lower  half  of  the  pile  fhould  be 
neutralized  at  the  expenfc  of  the  common  refervoir;  and  theix 
it  will  refult : 

That  the  lower  piece,  which  is  of  copper,  will  have  the 
fame  degree  of  electricity  as  the  ground,  which  fhall  be  re  • 
prelented  bv  o; 

The  fecond  piece,  which  is  of  zinc,  and  which  immedi- 
ately touches  the  precedinD;,will  have  +  i ; 

The  third,  which  is  of  copper,  and  which  is  feparated  from 
the  lower  one  of  zinc  by  a  piece  of  moid  pafteboard,  will 
have,  like  it,  +  i  ; 

The  fourth,  which  is  of  zinc,  and  which  touches  the  pre- 
cedino;,  will  have  -f-  1 ; 

And  the  quantities  of  the  eleclricitv  of  the  different  ele- 
ments will  increafe  in  this  manner  according  to  an  arithme- 
tical procrreffion. 

If  the  fummit  of  the  pile  be  then  touched  with  one  hand, 
and  its  bafe  with  the  other,  thefe  exceffes  of  electricity  will 
be  difcharo-ed  throuP"h  the  orp-ans  into  the  common  refervoir; 
and  will  give  a  fliock  the  more  fenfible,  as,  this  lofs  being 
repaired  at  the  expenfe  of  the  ground,  there  muft  thence 
refalt  an  eleclric  current,  the  rapidity  of  which,  greater  in 
the  interior  of  the  pile  than  in  the  organs,  which  are  im- 
pcrfed:  conduftors,  permits  the  interior  part  of  the  pile  to 
refume  a  degree  ot  tenfion  approaching  that  vvhich  it  had  in 
the  ftate  of  equilibrium. 

The  communication  being  ftill  cftabliOied  with  the  com- 
mon refervoir,  if  the  funmiit  of  the  pile  be  brought  into  con- 
tad  with  the  upper  plate  of  a  condcnfer,  the  lower  one  of 
which  touches  the  ground,  the  electricitv,  which  at  that  ex- 
tremitv  was  in  a  very  weak  degree  of  teniion,  will  pafs  into 
the  condenfer,  where  the  tenfion  may  be  confidered  as  null  j 
but  the  pile  being  infulated  only  at  the  expenfe  of  the  com- 
mon refervoir,  the  new  quantities  of  electricity,  recovered 
by  the  upper  plate,  will  pals  into  the  condcnfer  like  the  pre- 
ceding, and  will  be  there,  at  length,  accumulated  in  fuch 
a  manner,  that,  bv  leparating  the  cclieCting  plate,  very  fen- 
lible  tleCtrometric  figns^  and  even  fpaiks^,  may  be  extracted. 
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In  rccrard  to  the  limits  of  this  accumulation,  it  is  obvious 
that  it  depends  on  the  thicknefs  ot  the  fmall  Ttratum  of  gum 
which  feparates  the  two  plates  of  the  condenfer;  for,  as  in 
confequence  of  this  thicknefs  the  ele6lricity  accumulated  in 
the  collecling  plate  cannot  acl  but  at  a  diilance  on  that  of 
the  lower  plate,  it  is  always  more  confiderable  than  that 
which  forms  an  equilibrium  with  it  in  the  latter;  and  hence 
there  refults  in  the  collecling  plate  a  fmall  tenfion,  which  has 
here  for  its  limit  the  tenfion  exiiling  in  the  upper  part  of  the 
pile. 

As  the  eledlricity  of  the  column  is  accimiulated  in  the 
condenfer,  it  will  be  accumulated  in  like  manner  in  the  in- 
terior of  a  Leyden  flafk,  the  exterior  of  which  communicates 
with  the  common  refervoir;  and  lince,  in  proportion  as  the 
pile  difcharges  itfelf,  it  is  recharged  at  the  expenfe  of  the 
fame  refervoir,  the  Haik  will  be  equally  charged  whatever  be 
its  capacity ;  but  its  interior  tenfion  can  never  exceed  that 
which  takes  place  at  the  fummit  of  the  pile:  if  the  bottle  be 
then  removed  it  will  give  a  (liock  corrcfponding  to  that  degree 
of  tenfion;  and  this  is  what  is  confirmed  by  experience. 

Such  mull  be  the  (late  of  things,  neglecting,  as  very  fmall, 
the  a6lion  proper  to  the  water  on  the  metals;  fuppofing, 

ift,  That  the  tranfmiflion  of  the  fluid  takes  place  from 
one  pair  to  the  other  in  the  infulated  pile  through  the  pieces 
of  moid  paper  bv  which  they  are  feparated,  even  when  there 
exiits  no  communication  between  the  two  extremities  of  the 
column : 

2d,  That  the  excefs  of  electricity  which  the  zinc  takes 
from  the  copper  is  conltant  for  thefe  two  metals,  whether 
they  are  in  their  natural  Itate  or  not. 

C.  Volta  fupports  the  firll  propofition  bv  an  experiment 
which  we  have  already  mentioned,  and  in  which  the  con- 
denfer  is  charged  on  bringing  the  collecling  plate,  covered 
w'ith  a  piece  of  moid  paper,  into  contaCl  with  the  copper 
extremity  of  a  metallic  plate,  the  other  or  zinc  extremity  of 
which  is  held  between  the  fino-ers. 

In  regard  to  the  lecond  luppofition,  it  is  more  fimple  than 
might  be  imagined ;  but  a  feries  of  very  nice  experiment?, 
which  w^e  had  not  opportunity  of  making,  would  be  necel- 
fary  to  afcertain  how  far  it  is  agreeable  to  nature. 

Hitherto,  for  the  fake  of  precifion,  we  have  fuppofed  the 
pile  to  be  compofed  of  copper  and  zinc :  the  fame  theory, 
however,  is  applicable  to  any  two  metals  whatever;  and  the 
effefts  of  the  d  fferent  kinds  of  apparatus  which  they  will 
ferve  to  form,  will  depend  on  the  differences  of  the  ele6lricify 

which 
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which  would  be  eft«ibliflied  between   them  at  the  moment  of 
conta6l. 

What  we  have  faid  extends  alfo  to  all  other  bodies  between 
which  there  mav  exiit  an  analogous  action  :  thus^  though 
this  a'Hion  mav  appear  in  general  very  weak  between  liquid 
and  metallic  fubftances,  there  are  however  fome,  fuch  as  the 
alkaline  fulphurets,  the  a6lion  of  which  with  the  metals  be- 
comes very  feniible  :  the  Engllih  chemifts,  therefore,  have 
been  able  to  fupplv  by  thefe  fulphurets  one  of  the  metallic 
elements  of  the  pile ;  and  before  them  profeflbr  Pfaff,  of 
Kiel,  employed  them  for  this  purpofe  in  his  experiments. 

In  this  refpeol,  C.  Volta  has  dil'covered  between  the  me- 
tallic fubftances  a  very  remarkable  relation,  which  renders  it 
impofiible  to  conftruci  a  pile  with  thefe  fubftances  a'one.  We 
(hall  here  explain  them  according  to  his  account,  but  we 
have  had  no  opportunity  of  confirming  them. 

If  the  metals  be  arranged  in  the  following  order — filver, 
copper,  iron,  tin,  lead,  zinc, — each  of  them  will  become  po- 
litive  bv  the  contact  of  that  which  precedes  it,  and  negative 
with  that  which  follows  it :  the  electricity  will  pafs  then  from 
the  filver  to  the  copper,  from  the  copper  to  the  iron,  from 
the  iron  to  the  tin ;  and  fo  on. 

Now  the  property  in  queftion  confifts  in  this,  that  the 
moving  force  of  the  filver  to  the  zinc  is  equal  to  the  moving 
forces  of  the  metals  comprehended  between  them  in  the  fe- 
ries  :  hence  it  follows  that,  by  placmg  them  in  contact  in  this 
order,  or  in  any  other  at  pleafu'-e,  the  extreme  metals  will  be 
always  in  the  fame  (tate  as  if  thev  immediately  touched  each 
other;  and  confequently,  fuppofing  any  num.ber  of  elements 
whatever  thus  difpofed,  and  of  which  the  extremities  are  for 
example  filver  and  zinc,  we  fliall  have  the  fame  refult  as  if 
thefe  elements  v/ere  formed  of  thefe  two  metals;  that  is  to 
fay,  there  will  be  no  effect,  or  it  will  be  that  which  would 
haveheen  produced  by  one  element. 

It  has  hitherto  appeared  that  the  preceding  property  ex- 
tends to  all  folid  bodies,  but  it  does  not  fubnft  between  them 
and  the  liquids:  hence  it  happens  that  a  pile  may  be  con- 
itrucled  bv  the  medium  of  the  latter.  From  this  relults  the 
divifion  which  Volta  makes  of  conductors  into  two  clailc-s; 
the  firft  comprehending  foHd  bodies,  and  the  fecond  liquids. 

It  has  not  yet  been  polTible  to  conftruct  a  pile  but  by  a 
proper  mixture  of  thefe  two  clafTes  :  it  cannot  be  done  with 
the  tirit  alone,  and  we  are  not  yet  fufficicnily  acquainted 
with  the  mutual  action  of  the  bodies  which  compofe  the  fe- 
cond, to  determine  whether  the  cafe  is  the  firiie  in  regard  to 
ll:cui. 

U  2,  Wq 
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We  have  fuppofed  that  the  moift  palleboards  placed  between 
t?ie  elements  of  the  pile  are  moifiened  with  pure  water.  If 
itiftead  of  water  a  lalinc  folution  be  emploved,  the  fhock  will 
become  incomparablv  ftronger;  but  the  tenfion  indicated  by 
the  elecfrometer  does  not  appear  to  increafe  in  the  fame 
I'atio.  C.  Voha  has  proved  to  us  this  ^^&.  bv  the  help  of  his 
apparatus  formed  of  cups,  by  pouring  fucceffively  into  them 
pure  water  and  acidulous  water. 

He  concludes  from  this  experiment  that  acids  and  falinc 
folutions  favour  the  aftiou  of  the  pile,  chiefly  becaufe  thev 
increafe  the  conducting  property  of  the  water  with  which 
the  pafteboard  is  moiftened.  In  regard  to  the  oxidation,  he 
considers  it  as  an  effecl  which  ellablifhes  a  more  intimate 
connection  between  the  elements  of  the  pile,  and  thus  con- 
tributes to  render  its  action  more  energetic. 

Such  nearly  is  the  fnbftance  of  the  theory  of  C.  Volta  re- 
fpecSting  that  eleftnciiv  called  galvanic.  His  object  has  been 
to  reduce  all  the  pbaenomcna  of  it  to  one,  the  exiftence  of 
which  is  now  fully  .confirmed;  it  is  the  development  of  me- 
tallic electricity  by  the  mutual  contact  of  metals.  It  feems 
to  be  proved  bv  thefe  experiments,  that  the  peculiar  fluid  to 
which  mufcular  contractions  and  the  phaenomena  of  the  pile 
were  for  fome  time  afcribed,  is  nothing  elie  than  the  common 
electric  fluid  put  in  motion  by  a  cauTe  rcfpe6ting  the  nature 
of  which  we  are  ignorant,  though  we  fee  its  effects. 

Such  is  the  fate  of  the  fciences,  that  the  molt  brilliant  dif- 
coveries  only  open  a  more  extenfive  field  for  new  refearches. 
After  having  afcertained  and  eftimated,  as  we  may  lay,  by 
approximation  tlie  mutual  action  of  the  metallic  elei«ents, 
it  remains  to  determine  it  in  a  rigorous  manner,  to  difcovcr 
whether  it  is  conftant  for  th,e  fame  metals,  or  whether  it 
varies  with  the  quantities  of  electricity  they  contain,  and  with 
their  temperature.  We  muit  afcertain  with  the  fame  pre- 
cifion  the  peculiar  a6tion  which  the  liquids  exercife  on  each 
other  and  on  the  metals.  It  will  be  then  that  we  can  elta- 
blifli  our  calculation  on  exa6t  data;  that  we  can  difcover  the 
real  law  follov/ed  by  the  diltribution  and  motion  of  the  elec- 
tricity in  Volta's  apparatus,  and  complete  the  explanation 
of  all  the  plia^nomeua  it  exhibits.  But  thefe  nice  refearches 
require  inltrimicnts  more  correct  than  any  yet  invented  by 
philofophers  to  meafure  the  force  of  the  electric  matter. 

In  a  word,  it  remains  to  examine  the  chemical  effects  of 
the  current  of  electricity,  its  action  on  the  animal  economy, 
and  its  relation  with  the  electricity  of  minerals  and  fiflies ; 
refearches  which,  from  the  faCts  already  known,  cannot  fail 
10  be  ot  yery  great  imuortance. 

When 
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When  a  fcience,  alreadv  far  advanced,  has  made  an  im- 
portant (tep,  new  conncclions  are  formed  between  the  branches 
of  which  it  is  compofed  :  we  are  always  fondot  looking  back- 
wards to  meafiire  the  tield  it  has  palled  over,  and  to  fee  how 
the  human  mind  has  advanced  in  it.  If  we  thus  go  back  to 
the  birth  of  eleclricitv,  we  fnall  find  it,  at  the  commence- 
ment of  the  laft  centurv,  connned  merely  to  the  phpenomena  ' 
of  attra*5lion  and  repuliion  alone.  Dufay  firft  afcertained  the 
conftant  laws  to  which  they  are  fubjetted,  and  explained  their 
apparent  fino^ularities.  His  difcovery  of  two  kinds  of  elec- 
tricitv,  refinous  an^l  vitreous,  laid  a  foundation  for  the  bafis 
of  the  fcience ;  and  Franklin,  by  prefenting  it  under  a  new 
point  of  view,  made  it  the  foundation  of  his  theory,  to  which 
all  the  phenomena,  even  that  of  the  Leyden  flaik,  were  na- 
turally referred.  ^Epinus  completed  the  proofs  of  this  theory, 
brought  it  to  perfection  bv  applying  to  it  calculation,  and  by 
the  help  of  analyfis  attained  to  thofe  phenomena  which 
C.  Volta  has  fo  happily  employed  in  the  condenfer  and  elec- 
trophorus.  The  rigorous  law  of  electric  attraction  and  re- 
puliion, ftill  wanting,  was  eftabliflied  by  exa6l  experiments, 
and,  conneciing  itielf  with  that  of  mjagnetifm,  was  found  to 
be  the  fame  in  regard  to'  celeftial  attractions.  It  is  well 
known  that  C.  Coulomb  is  the  author  of  this  difcovery. 

At  length  appeared  the  galvanic  phenomena,  fo  Angular 
in  their  progrefs  and  fo  different  in  appearance  from  every 
thing  known  before.  At  firft,  a  peculiar  fluid  was  cre- 
atedlo  explain  them ;  but  C.  Volta,  by  a  feries  of  ingenious 
experiments  conducled  with  fagacity,  propofes  to  refer  to 
one  caufe  the  development  of  metallic  electricity  ;  to  employ 
them  for  the  conftru(9:ion  of  an  apparatus  which  will  allow 
their  force  to  be  augmented  at  pleafure ;  and  connects  them, 
by  his  refults,  with^important  phasnomena  of  chemiftry  and 
the  animal  economy. 

In  confequence  of  a  requeft  made  by  one  of  your  mem- 
bers, and  which  you  referred  to  a  commifTion,  we  propole 
that  the  gold~ medal  of  the  Inftitute  be  awarded  to  C.  Volta, 
as  a  teftimony  of  the  fatisfaAion  of  the  clafs  for  the  noble 
difcoveries  with  which  he  has  enriched  the  theory  of  elec- 
lricitv, and  as  a  mark  of  its  CTatitude  for  haviiis:  communi- 
cated  them  to  it.  t 
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T  is  highly  worthy  of  remark,  that,  notwhhftanding  the 
harmony  which  prevails  in  the  courfe  of  the  planets  round 
the  fun,  and  in  their  rotation,  as  well  as  in  regard  to  the 
parallelifm  of  their  axes,  great  variations  are  found  in  the  in- 
clination and  pofition  of  the  latter,  and  in  the  periods  of  the 
rotation  of  thefe  bodies. 

This  depends  on  the  different  influence  which  the  fun  has 
on  a  planet  during  its  rotation,  or  the  variation  of  its  aftro- 
nomical  feafons,  and  on  the  inclination  of  its  axis  in  regard 
to  its  orbit;  for  the  fun,  in  his  courfe  from  the  one  tro|)ic  to 
the  other,  paffes  over  an  arch  equal  to  twice  the  complement 
of  this  inclination;  and  therefore  the  lefs  the  inclination,  he 
muft  advance  nearer  to  the  poles,  and  employ  much  lefs  time 
in  proceeding  from  the  equator  tow^ards  either  tropic. 

Now,  as  it  is  known  from  obfervations  that  there  are 
fonie  planets  the  axes  of  which  have  a  much  greater  or  much 
lefs  inclination  than  that  of  our  earth,  the  great  variations 
which  muft  naturally  thence  refult  in  regard  to  the  beneficent 
influence  of  the  fun's  light  and  heat,  will  give  a  quite  difierent 
nature  to  their  fields,  productions,  and  inhabitants. 

The  inclination  of  the  axis  of  our  earth,  which  is  66^  de- 
grees, feems  to  be  well  adapted  for  promoting  its  fertility  and 
rendering  it  habitable,  as  the  fun  empldys  fix  months  in 
moving  from  the  equator  towards  either  pole,  and  again  re- 
turning ;  by  which  means  the  effect  of  his  rays  in  prodiicing 
that  heat  and  light  fo  indifpenfablv  neceffary  to  the  animal, 
veo-etable,  and  mineral  kingdom,  increafes  and  dccreafes  in  a 
much  flower  and  gradual  manner.  The  tw'o  temperate  zones 
occupy  the  greater  part  of  the  earth's  furface,  and  thefe  re- 
main habitable  as  far  as  poflfible  towards  either  pole. 

The  direftion  and  inclination  of  the  axes  of  the  difl^erent 
•planets  are  as  little  proportioned  to  their  different  diftanccs 
from  the  fun,  as  their  periods  of  rotation,  fize,  denfity,  mafs, 
and  fphericitv ;  as  is  well  known  by  obfervations  which  have 
been  made.  Now,  as  there  muft  be  fiifficient  grounds  for 
this  arrangement,  it  may  be  afcribed,  in  mv  opinion,  to  the 
matters  of  different  fpecific  gravity  of  which  the  earth  and  the 
other  planets  are  compofed,  and  to  their  mixture;  in  conte- 
quence  of  which,  immediately  after  their  formation,  their 

♦    From    Let    Gi^fellfcbafi   isaturfnrfchender   Frcurde   zu   B^r/ifi   Neue 
Scbtifteitj  vol.  ii.  1799.  . 
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"hemifpheres  on  each  fide  of  their  orbit,  which  always  divides 
the  body  in  the  niiddU^,  were  put  in  perfed  equihbrium. 

Our  earth  as  well  as  every  other  planet  is  carried  ronnd  the 
fun  by  the  radius  vector,  (the  Ilraight  line  drawn  from  the 
planet  to  the  fun,)  as  the  centripetal  forces  continually  a6t 
according  to  that  line,  or  in  a  perpendicular  direftion.  But 
this  line  of  attraction,  during  the  revolution  of  the  earth,  on 
account  of  the  continual  parallelifm  of  its  axis,  forms  with 
the  latter  very  diflerent  angles;  and  yet  the  duration  and  pe- 
riod of  the  rotation  remain  unaltered.  This  great  difterence 
in  the  anoles  has  therefore  no  influence  whatever  in  this  re- 
fpeft ;  and  it  appears  that  there  exifts  fome  other  great  power 
capable  of  preferving  the  direction  and  inclination  of  the  axis 
unchancred,  and  which,  in  my  opinion,  may  be  afcribed  alfo 
to  the  fun. 

Our  earth  during  its  annual  courfe,  revolving  from  weft  to 
eaft,  turns  in  facceffion  every  part  of  its  furface  to  the  fun, 
and  at  the  fame  time  revolves  from  eaft  to  weft  on  a  line 
paffino;  throucrh  its  centre  perpendicular  to  the  plane  of  its 
orbit ;  or  paffing  through  the  poles  of  the  ecliptic,  as  a  fecond 
axis,  for  the  purpofe  of  conftantly  maintaining  the  parallelifm 
of  its  proper  axis  of  rotation.  Now,  if  it  can  be  admitted 
that  the  fun  produces  this  revolution  of  the  earth  in  the  plane 
of  the  ecliptic  correfponding  with  the  arch  of  its  orbit,  this, 
in  my  opinion,  is  a  more  natural  explanation  of  the  paral- 
lelifm of  the  earth's  axis  than  when  it  is  confidered  merely 
as  the  confequence  of  a  certain  eltabliflied  pofition  of  it  inca- 
pable of  alteration  ;  as  this  principle  is  applicable  only  to  the 
action  of  mechanical  powers  on  bodies  that  move  and  revolve 
in  a  ftraight  line  ;  whereas  the  fun  is  continually  drawing 
our  earth  from  the  (traifrht  line,  and  carrvinn;  it  around  it  in 
a  cruciform  manner. 

According  to  this  thcorv,  we  may  eafily  conceive  how  it  is 
poffible  that  a  planet  the  axis  of  which,  by  the  equilibrium  of 
its  heterogene^)us  parts  eftablifhed  at  its  creation,  is  put  into 
a  certain  direAion,  fubjecrted  to  certain  laws,  may,  by  the 
powerful  influence  of  the  fun,  be  made  to  deviate  from  it  fo 
that  its  axis  fhall  alTume  another  pofition  and  inclination,  or, 
in  other  words,  change  its  poles. 

Our  earth,  in  confequence  of  flow  or  fudden  variations  of 
the  laft  kind,  would  produce  in  the  heavens  the  following 
phaenomena  : 

lit,  If  the  inclination  of  the  earth's  axis  fliould  change, 
the  zodiac  would  be  Itill  the  fame,  but  the  obliquity  of  the 
ecliptic  would  br.  greater  or  lefs;  the  equator  would  pafs 
through  other  ilar>;  and,  in   tliis  cafe,   all  countries  lying 
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under  the  fame  parallels  of  latitude  would  experience  a  like 
change  in  regard  to  the  duration  of  the  feafons. 

2d^  If  the  axis  of  the  earth,  without  changing  its  inclina- 
tion, fhould  acquire  a  new  direction  towards  fome  other 
quarter  of  the  heavens,  the  two  points  t  and  ^,  where  the 
ecliptic  interfefts  the  equator,  and  all  the  otli^r  circles  con- 
ne6led  with  it,  would  pafs  through  other  points  of  the  ecliptic. 
This  would  make  no  change  in  the  duration  of  the  feafons, 
or  the  ftate  of  the  fun  at  noon. 

3d,  If  the  inclination  as  well  as  pofition  of  the  axis  fhould 
be  changed,  a  refult  compounded  of  both  the  above  cafes 
would  take  place. 

4th,  But  if  the  earfh  fhould  be  carried  around  the  fun  in 
another  plane,  the  refult  would  be  a  new  apparent  courfe  of 
the  fun.  The  feafons  would  remain  the  fame,  or  acquire 
fome  change  in  their  duration,  according  as  the  axis  fliould 
be  inclined  as  at  prefent,  or  in  a  different  manner  towards 
the  new  orbit,  and  all  the  countries  of  the  earth  would  par- 
ticipate in  this  change.  Thefe  four  cafes,  however,  have  no 
influence  on  the  elevation  of  the  pole  of  any  place. 

5th,  On  the  other  hand,  fnould  the  poles  of  the  earth 
change  their  place,  the  obliquity  of  the  ecliptic  would  alfo 
be  changed,  the  equator  would  pafs  through  other  countries, 
and  the  elev.^tion  of  the  pole  of  thefe  countries  would  be 
changed.  This  change  of  the  pole,  however,  can  take  place 
only  in  the  dire6lion  of  fome  meridian;  and  confequently 
from  north  to  fouth,  and  from  fouth  to  north.  By  thefe 
means  one  half  of  the  equator  would  be  carried  over  northern 
and  the  other  over  fouthern  countries;  and  therefore  all  coun- 
tries would  not  equally  participate  in  the  changes  thence  oc- 
cafioned  in  the  duration  of  the  feafons;  at  leaft,  all  countries 
lying  under  the  fame  fouthern  or  northern  zones  could  not 
come  together  into  the  torrid  zone,  or  into  an  uniform 
fituation. 

If  the  alteration  of  the  pole  fhould  take  place  in  the  direc- 
tion of  the  meridian  that  paiTes  through  the  fohlices,  neither 
the  ecliptic  nor  the  different  quarters  of  the  earth  would  ex- 
perience any  change  ;  the  obliquity  of  the  former  only  would 
be  altered  as  well  as  the  pofition  of  the  equator  in  proportion 
to  the  above  alteration.  Should  the  alteration  of  the  pole  take 
place  in  the  dire6lion  of  any  other  meridian,  a  change  would 
be  produced  in  the  different  quarters  of  the  globe,  the  obli- 
quity of  the  terreltrial  equator,  and  the  figns  of  the  eclip- 
tic. In  tlie  laft  place,  fiiould  the  pole  move  along  the  me- 
Tidians  pafiing  through  either  of  the  equinoctial  points,  the 
above  phaenomena  would  take  place,  and  the  points  of  the 
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ecliptic,  o"  T  and  ==.,  would  be  transferred  to  25  and  V5',  and 
north  and  fouth  to  eaft  and  welt. 

A  queition  now  arilcs,  whether  any  traces  exift  on  the 
furface  of  our  globe  which  fef^m  to  (how  that  the  inclination 
of  the  earth^s  axis  has  ever  changed  either  fuddenly  or  pro- 
greffively,  or  whether  the  pole  has  altered  its  place?  On  the 
hrft  view,  it  would  appear  that  this  queflion  ought  to  be  an- 
fwered  in  the  affirmative. 

Many  naturalifts  and  geoiogiits,"  in  order  that  they  mlffht 
more  eafily  explain  the  general  deluge,  and  why  marine  pro- 
ductions are  often  found  at  a  confiderable  depth  under  the 
earth's  furface,  or  on  the  tops  of  high  mountains ;  how  the 
remains  of  anftral  plants,  and  of  terreftrial  and  aquatic  ani- 
mals, could  have  been  conveyed  to  the  northern  regions,  and 
buried  there  in  the  bofora  of  the  earth ;  hovir  the  different 
ftrata  of  mountains  have  been  formed,  and  other  phseno- 
mena  of  the  like  kind,  have  been  able,  as  is  well  known,  to 
contrive  no  better  hvpothefis  than  to  fuppofe  that  fome  de- 
rangement of  the  poles  of  the  earth,  or  changes  in  the  in- 
clination of  its  axis,  mud  have  taken  place  in  former  times. 

But,  in  my  opinion,  the  determination  of  this  queftion. 
belongs  rather  to  aftronomers  than  to  geologifts,  becaufe  by 
the  former  it  may  be  conlidered  under  a  more  general  point 
of  view,  viz.  what  connection  exifts  between  the  polition  of 
the  earth's  axis  and  the  fun,  and  the  attractive  power  in  the 
folar  fyitem  ;  and  what  obfervations  have  been  made  in  re- 
gard to  the  pofition  ind  direftion  of  their  axes,  from  which, 
by  analogical  reafonincr,  we  mav  explain  the  relation  between 
caufes  and  effedts  when  fuch  changes  take  place. 

llie  ableft  aftronomers  and  geometricians  have  fliown  that 
the  fmall  annual  receflion  of  the  equinoctial  points  to  the 
weft,  of  about  51  feconds,  and  the  revolution  of  the  earth's 
axis  around  the  poles  of  the  ecliptic,  which  thence  follows  in 
the  courfe  of  25,700  vears,  arife  from  the  united  attion  of 
the  attractive  power  of  the  fun  and  moon  on  the  fpheroidal 
form  of  the  earth.  As  long,  therefore,  as  this  attraction  of 
the  fun  and  moon  acts  in  an  uniform  manner,  it  feems  to  be 
impoliible  that  any  continued  or  very  perceptible  changes  in 
regard  to  the  earth's  axis  can  take  place. 

It  is,  however,  found  by  obfervations,  that  in  the  courfe  of 
manv  centuries  an  alteration,  though  very  fmall,  has  taken 
place  in  the  inclination  of  the  earth's  axis.  At  prefent  it  is 
23  minutes  greater  than  it  was  in  the  time  of  Hipparchus, 
that  is,  above  2000  years  ago. 

In  confequence  of  this  obfervation  it  has  been  apprehended 
tliat  the  ecliptic  may,  at  feme  future  period^  coincide  with 

the 


314  Thoughts  on  the  fuppofed  Variations 

*he  equator;  the  fun,  of  courfe,  be  continually  in  the  equa- 
tor ;  and  the  axis  of  the  earth  acquire  a  perpendicular  direc- 
tion ;  by  which  means  the  cold  of  the  polar  regions  and  in 
the  temperate  zones  will  become  greater,  and  confequently 
the  fitnefs  of  the  earth  for  being  inhabited,  as  well  as  its  cul- 
tiUT.  and  fertility,  m\d\  decreafe. 

But  La  Grange  and  La  Place  have  freed  us  from  any  un- 
eaiinefs  on  this  head,  as  they  have  proved,  by  ingenious  cal- 
culations and  conclufions,  that  this  fmall  change  in  the  in- 
clination of  the  earth's  axis  is  an  et!e<Sl  of  the  mutual  attrac- 
tion of  the  planets  on  the  orbit  of  our  earth;  that  fmcc  the 
time  of  Hipparchiis  it  has  contributed  in  an  uniform  Ufuoner 
to  the  decreafe  of  the  obliquity  of  the  ecliptic,  or  the  increafe 
of  the  above  inclination;  that  it  does  not  always  continue; 
but  that,  properly,  the  above  fuppofed  axis  of  the  earth's  ro- 
tation perpendicular  to  the  ecliptic,  in  coniequence  of  this 
a6lion  of  the  planets,  moves  in  very  long  periods  around  the 
poles  of  the  orbit  of  the  earth  which  lie  in  the  neighbourhood 
of  the  poles  of  the  ecliptic. 

According  to  thefe  obfervations,  the  variation  in  the  obli- 
quity of  the  ecliptic  is  merely  a  nutation  of  the  earth's  axis, 
which,  iince  the  time  of  Hipparchus,  has  occaiioned  a  very 
fmall  decreafe  in  it,  but  v/ill  afterwards  become  ilationary, 
and  then  produce  an  increafe. 

Schubert,  of  PeterfDurgh,  has  found,  by  La  Grange's  for- 
mula, that  the  obliquity  of  the  ecliptic  in  the  period  of  65,000 
Tears  always  remains  between  20°  43''  and  27^  45^.  At  pre- 
i'ent  it  is  about  43  minutes  lefs  than  the  mean  of  the  above 
two  quantities,  and  will  ftill  decreafe,  for  4900  years,  to  22"^ 
53';  after  which  it  will  again  increafe. 

Hence  may  be  deduced  very  important  confequences  in 
rcp^ard  to  tlie  durable  itate  of  our  earth,  on  which  diftant  bo- 
dies,  in  the  courfe  of  its  annual  revolution,  exercife  an  action; 
but  thefe  bodies,  on  accoimt  of  tlieir  fituation  and  great  di- 
ftance,  are  able  to  produce  only  very  fmall  and  periodical  nu- 
tations, by  which  the  maintenance  of  the  whole  is  promoted, 
and  the  earth  preferved  from  great  and  difaftrous  changes. 
As  lonr  as  the  prefcmt  coniiitution  of  the  folar  fyllem  remains 
the  fame,  thefe  imali  and  harmlefs  periodical  nutations  will 
take  place. 

But  if  the  earth's  axis  and  it?  poles  are  fecurcd  by  fuch 
powerful  bonds  from  all  iudden  (M'  progreflive  changes,  thofe 
apparent  clianges  and  revolutions  which  we  obierve  at  and 
under  the  furface  of  our  earth  muit  be  referred  to  other 
caules  than  a  change  in  the  earth's  axis,  or  diiplacemicnt  of 
its  poles;  and  this  will  be  dill  more  evident  when  it  is  con- 

fidered 


in  the  Axis  and  Poles  of  the  Earth.  315 

fidered  how  trifling  fuch  changes  are  in  regard  to  the  whole 
earth,  and  whether  its  centre  of  gravity  could  by  thefe  mean? 
fuffer  anv  alteration. 

A  CLirfory  view  of  rreoloofy  will  (how  how  little  we  know  of 
the  interior  parts  of  ^he  earth,  and  how  fmall  a  portion  of  it 
is  fubjed:  to  our  dominion  and  refearch.  Of  the  21,951,022 
fquare  leagues,  which  is  the  extent  of  the  earth's  furface,  the 
lands  that  rife  above  the  ocean  comprehend  only  about  one- 
third,  or  feven  millions.  Now  if  v/e  fuppofe,  which  perhaps 
ought  to  be  taken  into  accountj  that  the  height  of  the  land 
above  the  ocean  is  6cco  feet,  or  li  mile,  (though  few  lands 
are  fo  high;)  and  that  the  depth  of  the  ocean  is  the  fame; 
this  in  a  globe  of  one  inch  diameter  would  fcarcely  amount 
to  the  tlftieth  part  of  a  line,  or  the  fifth  part  of  a  moderate 
fized  erain  of  fand  ;  and  this  whole  external  cruft,  of  6000 
feet  in  thicknefs,  contains  only  the  iiooth  part  of  the  whole 
number  of  cubic  miles^  which  form  the  folk!  content  of  the 
earth. 

Now  all  thofe  traces  of  revolutions  in  the  earth  which 
geologirts  have  been  able  to  obferve,  have  been  found  either 
in  the  above-mentioned  cruft,  into  which  no  one  has  ever 
penetrated  above  a  fourth  part  of  that  depth,  (for  the  oreateft 
depth  to  which  mines  have  been  dug  is  not  more  than  1503 
feet;)  or  in  the  bowels  or  at  the  top  of  moderate  fized  moun- 
tains, the  height  of  which  on  a  globe  a  foot  in  diameter 
would  not  amount  to  a  grain  of  fand. 

Can  it  be  fuppofed  that  revolutions  have  taken  place  in 
this  thin  cruft  of  the  earth  capable  of  altering  its  centre  of 
gravity,  and  at  the  fame  time  the  place  of  its  poles  and  its 
axis,  ib  much  as  fome  have  fuppofed,  in  order  to  account  for 
various  phaenomena,  fuch  as  that  of  the  bones  of  the  ele- 
phant, &:c.  being  dug  up  in  Germanv,  and  even  in  Siberia; 
or  if,  by  fome  violent  aclion  of  the  poXvers  of  nature  in  the 
univerfe,  mountains  have  been  feveral  times  overturned,  and 
fea  and  land  changed  their  fituation;  would  thefe  cataftrophcs, 
which  muft  have  occafioned  iri'eat  devaftation  amono-  the 
human  race  at  the  periods  when  thev  took  place,  have  been 
able  in  any  manner  to  chanoe  the  pofition  of  the  earth's  axis 
and  oi  its  poles  ?  Bv  no  means  :  they  mull  have  been  of  much 
lefs  confequence,  in  that  refpe<ft,  than  the  devaflation  which 
an  infecl  would  occaHon  in  a  globe  a  foot  in  diameter  bv 
gnawing  the  paper  with  which  it  is  covered  :  and  who  will 
afl'ert  that  the  centre  of  gravity  of  fuch  a  globe  would  by 
thefe  means  be  deranged  ? 

A  change  in  the  pofition  of  the  earth's  axis,  or  of  its  pole.^, 
can  be  fuppofed  to  lake  place  only  when  the  whole  ma  Is  ot 
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which  it  confifts  is  entirely  inverted,  and  its  homogeneous  and 
heterogeneous  parts  mixed  together  in  confufion.  But  in 
this  cafe,  the  exterior  cruft  of  the  earth  which  we  inhabit 
would  be  wholly  transformed;  mountains,  countries,  and 
feas,  would  change  their  places,  and  be  conveyed  to  the 
height  or  depth  of  a  hundred  miles  perhaps,  and  more  :  and 
how  is  it  poffible  that  man,  who  can  penetrate  only  to  a  very 
fmall  depth  in  the  earth,  {hould  be  able  to  obierve  fuch  re- 
mains of  the  old  world  ? 

Bc(ideSj  the  globe,  which  is  of  a  fpheroidal  form,  revolve? 
round  iis  lefs  diameter,  which  is  five  miles  Ihorter.  Now,  if 
the  angle  of  the  inclination  of  this  axis  fhould  be  fuddenly 
or  gradually  chancred,  its  rotarv  motion  would  not  be  de- 
rantred,  but  the  obliquity  of  the  ecliptic  would  be  expofed  lo 
changes,  of  which,  according  to  obfervations  made  at  all  pe- 
riods, no  traces  have  been  found.  But  if  the  poles  of  the 
earth  fliould  leave  their  place,  a  new  axis  would  be  produced, 
the  dirc6tion  of  its  diurnal  rotation  would  form  another  equa- 
tor, and  the  fpherical  form  would  be  changed.  But  the 
immenfe  ccntrifu2;al  force  would  be  continuallv  producinii 
the  moft  dreadful  revolutions  in  the  land  and  fea,  and  the 
remains  of  the  antient  population  would  be  buried  fo  deep 
iin  the  earth  as  to  efcaoe  the  refearches  of  fucceedincr  trene- 
rations. 

The  poles  of  our  earth,  at  prefent,  feem  to  occupy  the  moft 
commodious  portions ;  for  as,  on  account  of  the  cold,  they 
are  uninhabitable  to  beings  of  our  fpecics,  whatever  be  the 
inclination  of  the  earth's  axis,  the  ocean  has  been  afHgned 
them  as  their  place,  and  all  the  lands  of  the  earth  are  lituatcd 
around  them,  that,  during  the  daily  rotation  and  annual  re- 
'volution  of  thetarth  round  the  fun,  its  furface  may  as  much 
as  poffible  be  expofed  to  the  beneficent  effects  of  that  lum.i- 
narv  in  his  courfe  from  the  equator  towards  the  poles.  If 
w^e  thould  transfer  the  north  pole,  for  example,  lo  the  middle 
of  Alia,  the  fouth  pole  would  fall  in  South  America,  and  an 
immenfe  tra6l  of  cultivated  land,  on  account  of  the  cold, 
would  be  converted  into  uninhabitable  deferts.  It  is,  how- 
ever, highly  probable,  that  the  prefent  poles,  fmce  the  forma- 
tion of  the  earth,  as  we  are  at  prefent  acquainted  with  its 
furface,  confiiiinof  of  fea  and  land,  have  always  had  the  fame 
inclination. 

As  far  as  certain  aftronomical  obfervations  go  back,  and 
the  antiquity  of  thefe  amounts  to  4450  years,  when  a  Chinefe 
aitronomer  obferved  (exatlly  according  to  the  preceiiion  of 
the  equinoxes)  the  ftar  a  in  the  northern  Dragon  in  the 
neighbourhood  of  the  north  pole,  no  pha;nomena  have  taken 
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place  in  the  heavens  which  give  reafon  to  fuppoie  anv  con- 
lideranle  variatron  in  the  inchnation  of  the  earth's  axis,  or  ia 
the  pjace  of  the  poles.  What  Herodotus  therefore  favs, 
refpec^tfng  the  legends  of  the  Egyptian  priefts,  is  mere  fables; 
for  it  the  fun,  in  the  courfe  of  iiooo  vears,  acluaiiv  changed 
the  place  of  his  rifing  and  fettiiio;  three  times,  fo  often  muft 
the  place  of  the  poles,  and  confequeiitlv  the  climate  of  Egypt, 
have  been  changed.  But  fuppolino-  this  to  hav-e  been  the 
cafe,  how  could  the  inhabitants  of  fo  level  a  country  preferve 
themfelvcs  from  utter  deilrucfion  during  the  repeated  trans- 
formation of  land  into  water,  which  muft  have  been  the 
conlequence  of  thefe  chanores  ?  Bv  a  mere  increafe  ordecreafe 
in  the  prefent  inclination  of  the  earth's  axis,  which  is  65^^, 
Germany,  for  example,  could  never  be  transferred  into  what 
is  called  the  torrid  zone.  In  the  iirft  cafe,  if  the  inchnation 
Ihouid  be  changed  to  90%  the  fun  in  fummer  would  be  re- 
moved about  25,-°  further  towards  the  fouth  from  that  coun- 
try. In  the  fecond  cafe,  if  the  inclination  fnould  decreafc 
t0  30",  the  fun  would  go  to  the  diftance  of  60^  from  the 
equator,  and  in  fummer  pafs  twice  over  Germany  in  a  per- 
pendicular direction;  but  in  winter  he  would  be  invifible  for 
a  month,  and  the  cold  there  would  be  much  more  intenfc 
than  at  prelent.  On  this  account,  neither  the  auftral  plants 
nor  elephants  could  ever  thrive  in  fuch  a  climate. 

If  Germany  was  ever  fituated  in  the  torrid  zone,  or  near 
the  equator,  the  north  pole  muft  haye  been  tituated  in  the 
Pacific  ocean  between  Alia  and  x\merica,  and  the  fouth  poie 
at  the  fouthern  extremity  of  Africa,  more  than  3000  miles 
from  the  places  which  they  occupy  at  prefent.  The  north- 
eaft  part  of  Alia  muft  in  that  cafe  have  hi^en  nearer  the  north 
pole  than  at  prefent,  and  Siberia  in  the  temperate  zone. 

But  as  the  bones  of  the  elephant  have  been  found  under 
the  earth  in  the  northern  parts  of  Siberia  as  well  as  in  Ger- 
many, both  countries  mult  have  been  fituated  in  the  torrid 
zone :  but,  in  this  cafe,  the  north  pole  muft  have  been  fuu- 
ated  in  California,  and  the  fouth  pole  in  Madagafcar,  above 
4000  miles  from  their  prefent  place.  If  the  poles  were  ever 
in  that  fituation,  it  may  be  aflccd.  If  elephants  exifted  then 
in  Siberia  and  Germany,  where  were  the  forefathers  of  thofe 
which  now  exitt  in  the  Eaft  Indies  ajid  Africa  ?  as  thei'e 
countries  at  that  period  muft  have  been  in  the  middle  of  the 
fouth  temperate  zone,  or  partly  in  the  frigid  zone. 

Thus  there  are  manifeft  contradiclions  in  fo  readily  fup- 
poling  a  difplacement  of  the  pole,  and  when  the  revolutions 
which  fuch  a  change  muft  have  produced,  in  regard  to  the 
furface  of  the  earth  and  lea,  are  not  taken  into  conlideration. 

A  natural 


3  i8  Thoughts  on  thefuppofed  Variafions 

A  natural  confequence  follows.  If  our  northern  diftncfcs 
of  the  earth  were  ever  iituated  in  the  torrid  zone,  a  part  of 
the  prefent  torrid  zone  (for  it  is  not  poflible  tliat  this  (hould 
have  been  the  cafe  with  the  whole  of  it)  mufl:  have  occupied 
ihe  fouth  temperate  zone,  or  the  frigid  zone.  If  elephants 
could  exiil  in  thofe  fouthern  diftricts,  at  that  time  forming 
the  temperate  and  frigid  zone^  or  if  Germany  and  Siberia 
were  fuddcnK^  Iranfported  more  than  four  thoufand  miles  to- 
wards the  north  poie^  could  thefe  animals  withlland  this  ge- 
neral revolution  of  the  furface  of  the  earth  and  ocean  ?  Or, 
during  this  catailrophc,  were  fome  of  thefe  ponderous  ani- 
mals traniported  over  the  land  and  fea  to  their  prefent  place 
of  abode,  in  order  to  propagate  their  breed? 

Thefe  queftions  cannot  be  anfwcred;  bat  are  unneceilar}', 
if  we  are  convinced,  from  the  principles  here  explained,  that 
fuch  difplacements  of  the  poles  of  the  earth  are  notadmifiible. 

Eat  as  the  bones  of  elephants  and  the  remains  of  auilral 
plants  are  found  under  the  earth  in  northern  countries,  this 
may  be  explained  in  the  moft  natural  wav,  by  fuppofmg  that 
formerly  a  fpecies  of  thefe  large  animals  and  aultral  plants 
i^xifted  in  the  temperate  north  latitudes;  for  it  is  certain  that 
inanv  petrified  Ihells  arJ  plants,  as  well  as  the  impreifions  of 
infeits,  are  found  under  the  earthy  the  originals  of  which 
are  unknown  ;  or  that  the  prefent  temperate  zone  enjoyed  in 
the  antient  world  a  warmer  phyfical  temperature. 

Are  there  not  fome  proofs,  generally  fpeaking,  that  the 
mafs  of  the  cold  in  the  north  increafes,  and  that  the  ice  is 
more  and  more  accumulated  in  the  neighbourhood  of  the 
north  pole;  that  even  our  ve<retables  do  not  pofl'ef^  the  fame 
degree  of  perfection,  and  betray  vv'mptoms  of  degeneration, 
though  the  fmalleft  difplacen>enL  has  never  taken  place  in 
the  poles  of  the  earth,  and  no  change  in  the  inclination  of 
the  earth's  axis  that  could  have  an  influence  on  the  climate  > 
Is  not  tl,e  cold  more  widely  diffufed  in  the  fouthern  hemi- 
fphere  than  in  the  northern,  though  both  are  equally  expofed 
to  the  fun,  and  t  ough  the  fun  in  fummer  is  many  thoufand 
miles  nearer  the  former  than  the  latter  ? 

The  phvlical  climates  of  the  earth  however,  and  particu- 
larly the  two  temperate  and  two  frigid  zones,  as  they  are 
far  more  expofed  to  the  varied  influence  of  the  fun's  ravs 
than  the  torrid  zone,  appear  to  have  been  fubjected  to  great 
variations  at  long  intervals.  But  thefe  depend  much  on 
local  and  temporary  circumflances,  and  are  not  determined 
merely  by  the  different  effects  of  the  fun's  influence,  in  con- 
fequence of  his  annual  return.  Thev  are  at  the  lame  time, 
owin'^^  to   the  chemical  fermentation  in  the  mi.xture  of  the 

component 


tn  the  Axis  and  Poles  of  the  Earth,  319 

component  parts,  occafioned  by  the  acoefiion  of  beat ,-  to  the 
fokition  and  deconipoiition  of  thefe  fubftances  fo  different 
in  their  nature,  evaporated  from  tlie  furface  of  the  earth,  whe- 
ther land  or  water,  which  is  filled  with  animal  and  vegetable 
bodies ;  and  to  thefe  vapours  being  in  part  conveyed  into  the 
atmofphere,  and  there  converted  into  other  matters,  and  being 
ag-ain  fent  back  to  it  in  the  form  of  fertilizing  moifture. 

Jn  the  laft  place,  all  oar  obfervations  have  hitherto  fl^own. 
that  without  the  globe  of  the  earth  there  is  no  power  capable, 
of  producinn;  fuch  irrescularities  in  its  poles  and  its  axis. 

It  was  lono-  believed  indeed  that  comets  were  capable  of 
producing  fuch  revolutions.  Who  knows,  faid  fome,  whe- 
ther one  of  thefe  bodies  may  not  have  approached  too  near  to 
our  earth;  and,  being:  furniflied  with  too  great  attractive 
power,  mav  have  deranged  its  axis  or  its  pole,  or  dragged  its 
train  over  us:  and,  fettino;  everv  thing  on  tire,  mav  have  laid 
waite  lea  and  land,  altered  the  earth's  centre  of  gravity,  and 
occafioned  a  general  devaftation  ? 

But  our  prefent  more  accurate  knowledge  of  the  orbits  and 
nature  of  thefe  celeftial  bodies  will  never  admit  of  any  fuppo- 
lition  of  this  kind.  It  is  known  from  certain  experience, 
and  the  confequences  thence  deduced,  that  thefe  mailes  have 
verv  little  fpecific  orpavitv,  and  therefore  muft  poil'efs  a  very 
v.eak  attractive  power.  x\ccordins!:  to  every  appearance,  they 
feeni  to  be  compofed  of  minute  molecuhe  mixed  with  the 
fme  ethereal  matier  of  light,  and  their  trains  are  onlv  highlv 
fubtile  luminous  and  tranfparent  fubftances;  {o  that  we  have 
very  little  to  apprehend  from  either  of  them. 

ISio  hiitorian  worthy  oi  credit  ever  makes  mention  of  the 
difaftrous  efiects  of  comets  on  our  earth;  and  mankind  are 
now  too  enliyrhtened  to  be  led  into  error  by  what  the  preju- 
dice, fuperftition,  and  ignorance  of  former  times  have  handed 
down  to  us  on  tliis  fubjecl:. 

Even  in  modern  times  comets  have  pafied  verv  near  our 
earth,  without  produc  ng  any  remarkable  phenomena, 
either  in  reoard  to  the  atmofphere  or  the  common  courfe  of 
the  weather;  and  much  lefs  were  the  poles  or  the  axis  of  the 
earth  any  way  affected  by  their  approach;  otherwife  fome 
traces  of  it  would  not  have  efcaped  the  refearches  of  the  mo- 
dern aftronomers.  On  the  other  hand  we  know,  by  expe- 
rience, that  comets  which  have  paffed  near  to  our  earth,  or 
the  other  planets,  in  their  way  to  the  fun,  have  fuffered  fome 
perturbation  in  their  orbits  by  the  attractive  power  of  the 
latter. 

I  will  not  however  affert  that  our  earth,  before  it  was 
completely  formed  and  rendered  habitable,   and  before  every 
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part  of  it  was  brought  into  complete  equilibrium  and  {labi- 
lity, mav  not  have  experienced  fome  changes  and  variations, 
in  confequence  of  which  its  poles  and  its  axis  may  have  been 
in  fome  meafure  deranged  ;  but  all  the  traces  of  fuch  changes 
hitherto  difcovered  in  the  thin  cruft  within  the  reach  of  our 
obfervation  feem  to  prove  that  they  were  produced  by  partial 
changes  in  the  fituation  of  certain  parts  of  the  land  or  fea, 
which  were  in  no  manner  able  to  difplace  the  earth's  centre 
of  gravity,  or  to  derange  its  poles  and  its  axis. 

In  the  conrfe  of  a  thoufand  years,  revolutions  of  this  kind 
may  take  place  in  regard  to  the  earth's  farface,  in  confe- 
quence of  its  organization,  on  account  of  the  many  chemical 
mixtures  and  folutions  which  are  capable  of  continually  ex- 
citing the  active  powers  of  nature;  but  the  equilibrium,  and 
powerfid  law  of  mutual  attraction,. by  which  one  world  is 
connected  with  another,  may  free  us  from  all  apprehenfion  in 
regard  to  any  derangement  of  the  poles  or  axis  of  the  earth 
capable  of  being  followed  with  difaftrous  confequences. 


LIT.   Oh f creations  on  the  Manner  in  which  the  Spider   (Ara- 
nea  Diadema)  fp'ins  its  Web.    By  M.  C.  G.  Lehm  ann  *. 


T  muft  be  allow^ed  by  thofe  who  have  anv  knowledo-e  of 
entomology,  that  the  natural  hiftory  of  fpiders  has  been  much 
neglei^ed;  for,  notwithll:anding  the  great  progrefs  which  has 
been  made  in  that  fcience,  we  are  as  yet  very  little  acquainted 
with  the  organifation,  mode  of  life,  and  propagation  of  the 
molt  common  kinds  of  thefe  animals:  tmd  many  fpecies 
make  a  figure  in  our  fyftems  and  cabinets  which  differ  from 
each  other  only  by  their  age  or  their  fex,  Thefe  infects,  fo 
remarkable  on  account  of  their  induftry  and  manner  of  life, 
are  viewed  with  a  fort  of  contempt  and  averfion,  which 
would  l)e  inexplicable  did  we  not  know  the  great  power  of  thofe 
impreiiions  and  prejudices  which  we  receive  in  our  youth. 
Thefe  in  general  are  communicated  to  us  by  people  who  are 
the  lead  qualified  to  o;ive  the  mind  that  direction  neceffary 
for  the  purpofes  of  life,  and  who  in  particular  feem  to  have 
united  to  infpire  us  with  a  dread  of  fpiders.  Hence  the 
complaint  of  io  m.any  naturalifts,  that  this  averfion  always 
deters  them  from  obferving  and  accurately  examining  thele 
infects;    and  thofe    who  have   undertaken    to    do  fo   have 

*  From    Del-  Gefelljlhaft   NuHoforf  hr/:der    Freunde    zu   Berlin  Ncua 
Scbrificn,  vol.  iii.  laou 
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geiierallv  been  obliged  to  take  a  great  deal  of  trouble  to  over- 
come this  antipathv  *. 

Rat  however  much  mankind  may  have  beheld  with  aver- 
fion  rpiders.and  other  vermin,  thev  could  not  help  admirintr 
the  ingenuity  of  the  latter  in  fpinning  their  webs,  and  the  or- 
der and  regularity  difplayed  in  thele  produAions.     As  far 
back  therefore  as  natural  hiftory  can  be  traced,  in  the  time 
oi  Ariftoile,  and  in  the  fragments  of  his  predeceiTorf,  we 
find,  ifnot  accurate  defcriptions,  at  leaft  fome  mention  of  the 
labours  of  this  infeol;.     In  like  manner,  the  moderns  have 
thought  the  ipider's  web  worthy  of  their  attention;  and  it 
might  confequently  have  been  expelled  from  the  accuracv  of 
our  naturalifts,  that  they  would  have  given  us  moi'e  minute 
and  completer  delbriptions.  This  ought  to  have  been  the  cafe 
in  particular  with  the  web  of  the  crofs-fpider,  one  of  the 
moll   ftriking  and   molt  remarkable.     I  have  feveral  times 
read  fuch  deTcriptions,   and  ftudied  them  with  pleafure,  be- 
caufe  agreeable   to  nature;  but  alwavs  found  this  general 
complaint,  that  it  is  ftill  a  fecret  in  what  manner  the  crofs- 
Ipider  extends  its  firlt  thread,  in  order  that,  when  it  has  been 
fadened,  it  may  have  a  field  for  carrying  on  its  work.     It  is 
well    known  that    the  crofs-fpider    difpofes    its   web  in  a 
more  or  lefs  perpendicular  direction   in  fome  open  place. 
Thus,  for  example,  we  often  find  in  a  window  four  or  five 
threads  ftretched  from  one  fide  to  the  other;  from  thefe  fe- 
veral radii  proceed  to  a  common  centre;  and  around  this  cen- 
tre, at  a  diftance  which  may  be  eftimated  in  general  at  a  few 
lines,   there  are  feveral  concentric  circles,  each  proo-refiivelv 
larger;  in  the  middle  of  which  the  fpider  places  itfelf  con'-^ 
cealed,   to  wait  until  fome  infecl:  becomes  entannled  in  thefe 
threads,    w'hen   it  immediately  ruflies   forth   and   feizes   its 
prey.    Thus  far  the  explanation  of  the  procefs  which  the  fpi- 
der erhploys  is  very  eafy,    efpecially  as  it  is  known  that  this 
infeft,  wherever  it  goes,  marks  its  way  by  a  thread,  which  if 
leaves  behind  it;  and  that  this  thread,  on  account  of  its  vif- 
cofity,  can  always  be  made  faft  to  any  obje^St,  wd:ien  the  fpi- 

"^  It  is  of  importance  to  confi-ier  by  what  means  that  averfion  com- 
monly called  natural,  and  which  is  merely  the  refult  of  improper  educa- 
tion, can  be  overcome.  Rofcl  acciUtomed  liimfelf  to  view  thefe  infecfli 
nrft  at  a  diftance.  He  then  confidered  their  webs;  and  at  laft  looked  at  the 
infects  themfeh-es  through  a  microfcope.  Goze  firft  viewed  individual 
pans  ofrpiders,  fuch  as  the  legs,  head,  &c.  till  lie  wss  at  length  a'Ble  to 
look  without  any  fentiment  of  feverfion  at  the  entire  infefr.  Both  thefe 
naturalifts,  by  long  habit,  fo  far  overcame  this  averfion,  that  they  could 
handle  and  examine  fpiders  with  the  fame  indiflerence  as  others  can  flies. 

t  Democritus.      Sec  Plin,  Hill.  Nrit.  lib.  ii.   cap.  24* 
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der  only  prefTes  it  a  little,  or  nioiftens  it  with  a  drop  of  its 
vifcous  liquid. 

But  thefe  webs  are  commonly  found  in  forefts  atid  woods, 
often  on  the  high  branches  of  different  trees,  not  unfrequently 
fufpendcd  between  the  roofs  of  different  houfes  ftanding  near 
each  other,  and  even  often  extended  over  ftreanis  and  ponds 
of  water,  fo  that  it  is  impoffible  to  conceive  how  the  fpider 
could  proceed  from  the  one  point  to  the  other,  in  order  to 
eftablifli  her  fir  ft  thread,  and  to  faften  to  it  the  different  ra- 
dii. Some  have  endeavoured  to  account  for  this  circum- 
ftance  by  the  moft  lingular  fuppofitions,  as  is  commonly  the 
cafe  when  philofophers  attempt  to  explain  the  phaenomena 
of  nature  before  they  have  examined  them  with  fufficient  ac- 
curacy; but  I  fliall  not  here  trouble  the  reader  with  thefe 
hvpothefes,  which  contradict:  themfelves  *.  Accident,  to 
which  we  are  indebted  for  moft  of  our  difcoveries,  particu- 
larly in  natural  hiftory,  though  we  are  unwilling  to  allow 
it  any  fliare  in  our  difcoveries,  gave  me  an  opportunity  of 
making  an  obfervation  which  decides  the  above  queftion.  On 
a  warm  fammer's  evening  I  faw^  a  crofs-fpider  (aranea  di- 
adeyna)  let  herfelf  fpeedily  down  from  a  branch  of  a  tree  by 
her  ufual  thread;  and  at  the  fame  time  a  multitude  of  limilar 
threads,  which  had  their  origin  at  the  fame  place  as  the 
other,  floated  around;  while  the  air,  which  was  not  percep- 
tible to  my  fenfes,  carried  them  to  a  conliderable  diftance, 
and  even  a  confiderable  height.  Though  I  approached  with  the 
utmolt  gentlenefs,  the  direftion  of  the  floating  threads  was 
immediately  changed,  and  in  a  moment  they  had  reached  a 
neighbouring  branch,  to  which  they  adhered.  The  fpider 
foon  obferved  thit  her  floating  threads  had  reached  a  fixed 
point,  and  immediately  clambered  up  to  them,  having  thus 
given  me  an  opportunity  of  feeing  the  fecret  of  the  com- 
mencement of  her  ingenious  labour.  Guided  by  this  trace, 
it  was  now  eafy  for  me  to  make  my  obfervations  with  greater 
accuracy;  and  the  refult  of  them  is  as  follows.  When  a 
fpider  is  defirous  of  proceeding  to  a  diflant  place,  flie  fud- 
denly  lets  herfelf  down  by  a  pretty  ftrong  thread,  and  at  the 
fame  time  draws  one  of  her  hind  legs  over  the  glandular 
parts  which  contain  the  materials  of  her  web.  Bv  thefe  means 
{he  forces  from  them  a  great  number  of  fmall  threads,  and 
configns  them  to  the  air;  which,  on  account  of  their  fpe- 
cilic  lightnefs,  makes  them  float,  fo  that  they  remain  at  that 

*  I  fhall  only  mention  one. — Lifter  in  his  llijh  Animal.  Anglla:^  which 
contains  a  great  manv  important  obfervations  on  fpiders,  explains  thi's, 
p.  7,  as  an  tjuculalio  filorum,  and  endeavours  to  make  it  more  evident,  by 
comparing  it  to  the  manner  in  which  the  fun  emits  his  rays. 
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height  at  which  the  fpider  firll  throws  them  out.  As  fhe 
then  luddenh'  finks  down  in  a  retrograde  direction,  the  firft: 
ones  are  extended  to  a  confiderable  lencrth. 

But  if  the  leall  breath  of  air  then  takes  place,  they  are 
thereby  carried  to  a  confiderable  diftance,  and  Hill  become 
longer,  as  the  infect  can  then  Ipin  them  out  at  pleafure  from 
her  receptacles ;  fo  that  they  fooii  find  fome  obje<St  to  which, 
on  account  of  their  vifcofitv,  thev  adhere.  The  fpider  then 
clambers  up  to  them,  ftili  keeping  heri'elf  in  conneclion  with 
her  tirft  Itation,  as  flie  always  carries  with  her  the  thread  bv 
which  fhe  firft  let  herft^lf  down,  and  faftens  the  fecond  end  of 
it  when  flie  has  reached  a  new  point  of  reft. 

I  have  too  little  acquaintance  with  works  on  natural  hif- 
tory  to  be  able  to  determine  whether  this  obfervation  has  be  - 
fore  been  made  bv  others  *  ;  but  by  fome  queftions  in  the 
Hanoverian  Magazine,  and  bv  the  private  information  of 
diftinguifhed  naturalifts,  it  appears  that  it  is  not  generally- 
known.  But  whether  it  be  new,  or  may  onlv  ferve  to  con- 
firm what  has  been  already  remarked,  I  am  happy  that  I 
have  it  in  my  pov.er  to  point  out  to  other  fearchers  into  na- 
ture how^  they  mav  at  all  times  be  convinced  of  the  truth  of 
what  I  have  here  itated.  If  a  perfon  takes  a  fpider  from  its 
web,  and  places  it  on  the  hand,  it  will  endeavour  to  efcape 
from  this  warm  object  as  a  place  of  danger,  and  let  itfelf 
down  in  the  manner  above  defcribed ;  but  if  one  of  the 
threads  that  float  about  in  the  air  be  laid  hold  of  bv  the  other 
hand,  the  fpider  fufiers  herfelf  to  be  drawn  over  by  it ;  and 
this  experiment  can  be  repeated  feveral  times,  till  at  length, 
feared  by  being  fo  often  deceived,  Ihe  throws  herfelf  loofe, 
and  fuifers  herfelf  to  fall  to  the  oround. 

To  thefe  obfervations  on  the  manner  in  which  the  fpider 
beeias  her  web,  I  (liall  add  fome  others,  which  indeed  com- 
prehend but  a  fmali  part  of  the  important  difcoveries  that 
Quatreniere  Disjonval  pretends  to  have  made;  and  refpecl:inn- 
which,  fince  the  attention  of  naturalifts  is  called  to  this  fub- 
jecf,  I  hope  to  obtain  further  information.  The  account 
that  various  kinds  of  fpiders  foretell  changes  of  the  weather 
feveral  days  before  thev  take  place,  excited  my  whole  at- 
tention ;  and  I  was  the  more  dcfirous  of  ftudying  the  arane- 
ologv  of  the  above  obferver,  as  I  was  alwavs  of  opinion  that 
thofe  infecls  which  liave  organs  peculiarly  adapted  for  per- 
ceiving changes  in  the  ftate  ot  the  air  f   would  be  capable  of 

•  Swammerdam,  in  liis  Bid.  Nat.  p.  24.  has  defcribed  a  hniilar  ob- 
fcrvarion  ;  but  his  defcriprion  appears  to  me  not  very  clear. 

f  See  more  on  this  fubicot  in  niv  Commaitatio  iL  St'ifiLus  externis  Afti- 
rjiulium  cxf.  p.  57- 
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giving  us  the  beft  and  earlieft  information  refpe^ling  change? 
in  the  weather.  It  was  impoffible  for  me  at  firft  to  procure 
Disjonval's  work ;  and  my  curiofity  began  to  be  lelTened 
when  I  heard  that  no  perfon  was  able  to  comprehend  it. 
For  this  reafon  I  refolved  to  make  obfervations  myfelf;  and 
with  this  view  I  collected  a  great  many  of  the  aranea  d'la- 
dema  and  aranea  domejiica^  as  the  latter  are  thofc  which 
Disjonval  mull  have  had  the  beft  opportunity  of  obferving 
.when  in  prifon.  The  latter  fliowed  no  alteration  in  their 
web  or  their  conduct,  but  in  regard  to  the  former  I  foon 
had  an  opportunity  of  making  very  important  obfervations. 
I  have  already  mentioned  what  every  body  knows,  that  this 
fpider  commonly  fits  in  the  middle  of  its  web.  I  now  found 
that  ffie  often  extended  a  thread  from  the  centre  of  her  web, 
that  is  the  ufual  place  of  her  refidence,  to  the  neareft  cor- 
ner ;  in  which  ftie  concealed  herfelf,  inftead  of  being  in 
the  web:  and  I,  always  remarked,  that  this  change  w^as 
conne6ted  with  a  change  of  the  weather,  as  all  my  crofs- 
fpiders  made  the  fame  change  together ;  and  immediately  af- 
ter the  weather  became  very  raw-  and  cold.  It  is  indeed  very 
natural  that  thofe  infects,  when  thev  have  a  prefenfation  of 
bad  w^eather,  fliould  endeavour  to  {belter  themfelves  from  it. 
But  mv  obfervations  were  too  much  interrupted  by  bufinefs 
and  various  circumtUnces,  and  I  was  too  ill  provided  with 
good  inftnmients  for  comparing  the  ftate  of  "the  weather  and 
of  the  atmofphere,  inch  as  barometers,  thermometers,  hv- 
gronieters,  &c.  to  be  able  to  fay  any  thing  decifive  on  the 
luhjcct.  What  I  have  faid  will  however  furnilh  a  hint  to 
others  who  may  be  difpofed  to  carry  thefe  refearches  further. 
Tlie  fmie  opportunity  enabled  me  to  make  another  obfer- 
vation,  of  which  I  do  not  recolleA  ever  to  have  heard  or 
read,  viz.  that  the  crofs-fpider  regularly  deftroys  its  v.eb 
every  twenty-four  hours,  and  in  the  place  of  the  old  fubfti- 
tute.s  a  new  one.  This  it  always  does  in  the  niirht-time,  but 
fufpcnds  the  renovation  of  it  when  a  cloudy  ftate  of  the  wea- 
ther affords  it  no  hope  of  catching  any  prey,  and  perhaps 
when  any  mechanical  obftacles  Hand   inthewav*.     This 

obfervation 

'■'  That  thofe  fpiders  which  weave  their  web  in  the  form  of  a  wheel  re- 
Tiew  ir  daily,  has  been  remarked  by  many  obfervers  as  well  as  by  mylclf. 
The  caufe  may  be  eafily  conceived  from  what  I  have  laid  For  leverd 
years,  during  the  llimmer,  I  reiided  in  a  houfe  fituated  in  a  garden  ;  and 
oppotite  to  the  window,  which  was  generally  open,  a  large  fpidet  had  ex- 
tended her  w'eb.  I  took  great  care  not  to  dtftroy  it,  becaufe  it  ferved  m- 
itead  of  one  of  thofe  gauze  fcreens  which  are  commonly  employed  to  keep 
out  flies  and  gnats.  The  web  in  the  day-time  was  frequently  injured  by 
?.cciden^<,  but  next  morning  I  found  it  always  repaired.     One  morning, 

having 
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obfervatlon  has  thrown  great  light  upon  many  things  relating 
to  the  natural  hifto-v  of  fpiders.  It  points  out  the  principal 
method  which  ought  to  be  purfued  in  making  obfervations 
on  the  weather  bv^iicans  of  thele  infects,  as  they  conftru6t 
no  new^  web  after'  deftroying  the  old^,  when  impeded  by  the 
unfavourable  ftate  of  the  weather.  This  alfo  enables  us  to 
explain  whv  we  often  obferve  floating  about^  during  very  hot 
days,  prodigious  multitudes  of  fpiders  webs,  commonly 
known  under  the  name  oi  goj/amer,  and  which  has  given  oc-- 
cafion  to  fo  much  difj;!'te  among  philofophers ;  for  it  may 
be  readily  conceived,  when  we  reflect  how  numerous  fpiders 
are,  what  a  nuiltitude  of  thefe  wcos  mult  be  let  loofe,  when 
they  all  deftroy  their  webs  at  the  fame  time^  in  order  to  con- 
flrud  new  ones.  During  cloudy  weather  none  of  them  are 
to  be  feen,  for  at  fuch  period.-  none  are  let  loofe;  and  even  if 
there  are  a  few  of  ti^.em  in^the  atmofphere,  they  acquire  hea- 
vinefs  fr^m  the  moifture  thev  imbibe,  of  which  they  are  very 
fufceptiole,  and  ot  courf  fall  to  the  earth.  I  was  enabled 
alfo  to  determine  the  difpute  refpe6ting  the  organs  of  vifion 
in  fpiders.  They  undoubtedly  have  eyes,  which  are  indifpen- 
fably  neceflary  fcr  ihc  functions  th^y  have  to  perform,  and 
yet  they  d  ■.  not  ieein  lo  obferve  w^hen  a  ftick  or  other  dan- 
gerous weapon  is  heiu  ciofe  to  thefe  organs,  but  they  in- 
itanilv  retreat  when  m  the  leaft  touched.  _At  prefent,  how- 
ever, 'this  circum.  ance  can  be  ealily  explained^^  for  thefe  in- 
fects are  nocturnal  animals.  In  'the  night-time  thev  fpin 
their  webs,  and  during  the  morning  and  evening  twilighi 
catch    the   greated   number   of  infects.      In  the  night  they 

having  got  up  earlier  than  ufj::!,  I  faw  the  f,)ider  at  day-break  deftroy  all 
tlie  concentric  threads  proceeding  from  the  centre  outwards  along  che  ra- 
dii, breaking  off  with  her  feet  the  crofs  threads,  which  fhe  cemented  to 
the  radii  fhel^ad  left  untouched;  and  which,  by  thefe  means,  became  pro- 
greliivay  thicker.  She  did  the  lame  with  the  principal  threads  by  which 
the  weo'was  made  faftj  and  which,  in  confcquence  of  the  threads  added 
to  them,  were  rendered  much  ftronger.  The  fmalleft  flits  or  gnats  which 
attempted  to  enter  through  the  window  were  therefore  caught  faft  in  the 
net;  but  towards  noon,  or  fomewhat  later,  the  flies  becaiie  {hyer,  and  no 
more  were  caught.  The  fpidcr  therefore  about  that  time  retired  to  a  cor- 
ner which  (he  had  prepared  in  the  window,  where  Ihe  laid  her  eggs,  and 
wiiere  fhe  remained  quie:  till  the  next  morning.  This  obllrvation  Ihcws 
that  the  threads  of  the  web  lofe  their  vifcbfuy  by  the  fun's  ravs  and  the 
iieat  of  the  weather ;  and  becoming  too  dry  and  hard  to  be  tit  for  catching 
thofe  infects  on  which  the  fpider  feeds,  ihe  is  under  the  neceffity  of  re- 
newing them.  On  the  other  hand,  the  principal  threads,  which  ferve  only 
for  itreniithcpjng  the  weh,  hsve  no  need  of  being  renewed.  Damp  wea- 
ther m.ay  perhaps  render  thefe  webs  as  unfit  for  catching  inle£\s  as  the 
heat  dots,  and  therefore  the  fpider  thinks  it  uuneceiTary  to  renew  her  web 
as  long  as  that  temperature  continues. 
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fee  as  well  as  the  owls  to  catch  their  prev ;  and  in  the  day- 
tnne,  like  thofe  birds,  they  are  dazzled  by  the  too  great  fplen- 
dour  of  the  light.  But 'at  that  lime  they  have  no  need  of 
very  acute  fight,  as  they  feldoni  leave  their  web ;  and,  when 
they  do,  are  conduded  hack  to  it  bv  their  delicate  fenfe  ot" 
touching.  Befides,  they  feldom  have  occa(ion  for  it  in  the 
day-tune,  as  their  webs  are  then  too  vifible  to  the  infeas 
which  they  catch  ;  fo  that  the  latter  can  be  better  on  their 
guard  againft  them  than  they  can  during  the  twilio-ht. 


LIT  I.  Outlines  of  a  Vu-.v  of  Galva^ufin,  chiefly  ex  traced 
from  a  Courfe  of  Leaures  on  the  Gahanic  ^ Pha;nomena^ 
read  at  the  Theatre  of  the  Rryal  Injiitution  by  Mr.  Daa' Y*. 

I.   Hi/lor  teal  Introdu&ion. 

§  I-  X   HE  fcience  relating  to  the  peculiar  aaion  of  dif-        I 
ferent  conduAors  of  elearicity^on  each  other,  has  lately  ex-         ^ 
cited  a  confiderable  degree  of  attention  in  the  philofophical 
world. 

Owing  its  origin  to  the  phaenomennn  difcovercd  by  Gal- 
vanif,  the  produAion  of  mufcular  contraction  by  the  ap- 
plication of  metals  to  the  nerves  and  mufcles  of  animals,  it 
has  derived  its  name  from  that  phiiofopher. 

Galvanifm  was  at  firit  limik-d  in  its  application  to  organ-. 
ized  bodies;  but,  in  confequence  of  the  labours  and  inven- 
tive genius  of  experimentalilts,  our  contemporaries,  it  has 
gradually  become  connected  with  chemiltrv  and  general  phy-. 
iics ;  it  has  afforded  powerful  inftrunieuts  of  invefligation  5 
and  its  operations  have  been  traced  throughout  the  Vv^iole  of 
nature. 

In  giving  an  account  of  the  progrefs  of  tliis  fcience,  in  its 
relation  to  the  powers  of  the  human  mind,  it  will  be  fuffi- 
cient  to  notice  fuch  experiments  only  as  have  derived  their 
origin  from  extenfive  theoretical  views,  and  fuch  difcoveries 
as  have  led  to  accurate  generalifations  of  pha^nomena  already 
known. 

Though  the  hiftory  of  galvanifm  extends  only  throuc^h  the 
period  jf  the  laft  nine  years,  yet  we  mav  notice  in  \i  four 
epochs,  each  of  them  diftinguiflied  by  the  development  of 

*  From  the  Journds  of  the  Roy  a!  Injlltm'ioyi  of  Qreat  Britain. 

t  The  firft  fact  relating  to  the  adion  of  metals  on  the  animal  organs, 
was  ohfervecl  by  Sulzcr,  who  has  deicnbed  the  fcnfation  of  tafle  produced 
by  the  contaa  of  Jead  and  filver  with  the  tongue,  in  his  Tbeont  des  Plaifirsy 
pUDhlhedm  1767.  '  t.     »  .       ^     .        .  j  .y 
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fa(9:s,  varioiiilv  intcreftino-  from  their  novelty  and  the  extent 
or  their  application. 

§  2.  Coniidering  the  firft  epoch  as  formed  by  the  publica- 
tion of  the  fundamental  galvanic  fact,  we  may  derive  the 
fecond  from  ihe  difcovery  of  the  exiltence  of  inorganic  gal- 
vanifm.  Till  the  refearches  of  Fabroni,  Dr.  Afh,  and  Crevc, 
had  been  made  known,  the  galvanic  influence  was  generally 
confidered  as  exilting  only  in  living  animal  organs.  But  the 
difcovery  of  the  peculiar  action  of  metals  in  contact  with  each 
other  upon  water,  demonfi:rated  the  production  of  it  in  ar- 
rangements compofed  wholly  of  dead  matter,  and  laid  the 
foundation  for  a  new  clafs  of  inveftigations,  which  have  inti- 
mately connected  the  galvanic  phaenomena  whh  known  phy- 
fical  effects. 

§  3.  The  third  epoch  in  the  hiflory  of  the  fcience  is,  per- 
haps, the  mod  brilliant  and  molt  important.  It  will  long  be 
celebrated  on  account  of  the  difcovery  of  the  accumulation 
of  the  galvanic  influence.  Before  this  difcovery  was  made, 
the  world,  in  general,  beheld  nothing  deeply  interefting  in 
galvanifm  :  it  had  no  relations  to  the  common  wants  of  life, 
and  the  fa6ts  that  compofed  it  were  fo  obfcure  as  to  be  diffi- 
cultly comprehended,  except  by  long  attention.  The  gal- 
vanic battery  of  Volta  not  only  gratified  the  pafllion  for  no- 
velty by  the  curious  effects  it  produced,  but  likewife  awakened 
the  love  of  inveftigation,  by  diftinctly  exhilnting  the  analogy 
between  galvanifm  and  common  eleftricity.  * 

§  4.  The  fourth  and  laft  epoch  in  galvanifm  may  be  con- 
fidered  as  founded  upon  the  knowledge  of  the  general  con- 
nexion between  the  excitement  of  galvanic  electricity,  and 
chemical  changes;  and  it  chiefly  owes  its  exifl.ence  to  the 
labours  of  Britilh  experimentalifts  *.  The  difcovery  of  the 
chemical  agencies  of  galvanifm  has  led  to  refearches  which 
finally  cannot  fail  to^eluc.idate  the  philofophy  of  the  impon- 
derable or  eihereal  fluids.  The  year  that  is  jufl;  pafl:  will  long 
be  diftinfruifhed  in  the  hi ftory  of  fcience;  feldom  has  phy- 
fical  inveltigation  been  purfued  with  greater  ardour;  and  if 
new  fa6ts,  by  being  fometimes  infulated  and  incapable  of 
application  to  eftablifl-ied  theories,  have  perplexed  the  public 
mind,  yet  they  have  at  the  fame  time  been  ufefui  to  it,  by 
producing  a  habit  of  rational  and  active  fcepticifm,  which 
cannot  fail  of  becoming,  at  a  future  period,  the  parent  of  truth, 

II.   Of  the  leaf  complicated  G.dvanic  Arrangements^  i.  e. 

fmple  Circles, 

§  I.  The  conductors  of  eledtricity,  which,  by  their  a6tion 

■■■  Mefifrs.  Nicholfon,  Carlifle,  Cruikfhank  and  Henry,  Dr.  Wollafton, 
and  Major  Haldane. 
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on  each  other,  are  capable  of  producing  gah'anic  effect?, 
may  be  divided  into  two  clafics  *.  The  one  clafs  comprifes 
what  may  be  called  perfe6l  conductors,  oxidable  metallic 
fubftances  and  charcoal :  the  other  includes  lefs  perfe^l  con- 
du6lors,  which  arc  either  oxidated  fluids^  or  iubitances  con- 
taining thefe  fluids. 

The  fimpleft  galvanic  arrangements  require  for  their  forma- 
tion at  leaft  two  bodies  of  the  fame  clafs  and  one  of  a  different 
clafs  *.  With  regard  'to  the  form  of  their  aggregation,  they 
muft  be  fo  difpofed,  that  the  bodies  of  the  one  clafs  may  be 
in  contact  with  each  other,  in  one  or  more  points,  at  the 
fame  time  that  they  are  connected  in  other  diftinct  points 
with  the  body  of  the  other  clafs. 

§  2.  The  fimple  gah'anic  circles  may  be  divided  into  two 
general  kinds. 

The  firft  is  formed  by  two  different  metallic  fubftances,  or 
one  metallic  fubftance  and  charcoal,  and  a  peculiar  fluid. 

The  fecond  is  compofed  by  two  different  fluids  and  one 
metallic  fabftance. 

Thus,  if  plates  of  zinc  and  of  fiiver  be  made  to  touch  in 
one  point,  and  be  connected  together  in  other  points  by  a 
portion  of  common  w^ater  or  of  muriatic  acid,  a  gah^anic 
limple  circle  is  formed  of  the  flrft  order. 

Or  if  feparate  portions  of  nitric  acid  and  of  water,  moiften- 
ing  pieces  of  cloth  or  bibulous  paper,  be  brought  in  contact 
w'ith  each  other  on  a  fmall  furface,  at  the  fame  time  that 
other  furfaces  of  them  are  connected  with  different  parts  of 
a  plate  of  tin,  a  circle  of  the  fecond  kind  is  compofed  f. 

§  3.  AH  arrano-ements,  however,  of  two  conductors  of  one 
clafs  with  one  of  the  other,  are  not  capable  of  producing  gal- 
vanic effects :  and  even  the  powers  of  a6ting  circles  are  very 
different  in  degree.  It  appears  from  all  the  fa6ts,  that 
chemical  changes  taking  place  in  fome  of  the  parts  of  the 
circle  are  intimately  connected  with  its  agencies.  For, 
though  a  momentary  circulation  of  galvraiic  influence  may 
poffibly  be  produced  by  the  contact  of  three  different  bodies, 
yet  it  appears  molt  likely  that  the  permanent  excitation  of  it 
depends  upon  a  certain  exertion  of  their  chemical  affinities. 

The  molt  powerful  circles  of  the  firft  kind  are  thofe  com- 
pofed of  two  folids  of  different  decrees  of  oxidability,  and  of 
a  fluid  capable  of  oxidatino;  at  leafl;  one  of  the  folids  %.  And, 
even  in  the  feebleft  circles,  it  appears  that  fome  chemical 
action  is  uniformly  exerted  either  by  oxidating  fluids  or  folu- 
tions  of  alkaline  fulphurets. 

f  bus  fiiver  and  gold  do  not  appear  to  evolve  galvanic  in- 

*  Volu.  f  D.  +  Ritter.     - 
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fluence  when  in  contaftwith  pure  water,  which  is  incapable 
of  acting  chemically  upon  either  of  the  metals  ;  thouo-h 
when  they  are  connected  with  water,  holding  in  folutioii 
nitric  acid^  or  any  other  fluid  decompofable  by  filver,  they 
form  an  a6live  galvanic  arrangrement  *. 

And  zinc  and  (ilver,  which  acl  very  little  with  pure  w'ater, 
form  a  powerful  combination  with  water  holding  in  folution 
atmofjjheric  air  or  acids  f. 

The  followino;  table  of  fome  circles  of  the  firfl:  kind,  in 
which  the  diiferent  fubftances  are  arranged  according  to  the 
order  of  their  known  galvanic  powers,  will  fhow  how  inti- 
mately chemical  agencies  are  related  to  the  produdtion  of 
galvanifm. 

TABLE  OP   SOME   GALVANIC  CIRCLES, 

Compofed  of  two  'perfect  Conductors  and  one  impefeSl 

Condudor, 


Zinc 

Iron 
Tin 


J  Lead 


O 

Copper 

7=L  1 

c 

^ 

O 

o 

s 

Silver 

^ 

With  gold, charcoal, 
filver,  copper,  tin, 
iron,  mercury. 

.  .  .  .  gold,  charcoal, 
filver,  copper,  tin. 

.  .  .  .  gold,  filver, 
charcoal. 

.  .  .  .  gold,  filver. 

. .  .  .  gold,  filver. 


.  .  .  .  jrold. 


!  Solutions  of  nitric 
acid  in  water,  of 
muriatic    acid    and 

^•falphuric  acid,  &c. 

I  Water  holding  in  fo- 
lution  oxvo-en.    at- 


■5  J 


x; 


oxygen, 
mofpheric  air,  &:c. 

Solution  of  nitrate  of 

filver  and  mercury. 

Nitric  acid,  acetous 

acid. 

Nitric  acid  %, 


The  mofl:  active  fingle  circles  of  the  fecond  order  are  thofe 
in  which  the  two  imperfeft  conductors  are  capable  of  exerting 
different  chemical  agencies  on  the  perfe«R  conductor,  at  the 
fame  time  that  they  are  polfefled  of  power  of  action  on  each 
other.  But  even  circles  in  which  only  one  of  the  fluid  parts 
is  decompofable  by  the  folid,  are  pofle.lted  of  power  of  action. 

Thus  copper,  filver,  or  lead,  a6ts  very  powerfully  when 
connected  in  the  proper  order  with  folutions  of  alkaline  ful- 
phurets  and  of  nitrous  acid,  both  of  which  fluids  are  pof- 
feifed   of  difl:in6t   chemical    agencies   upon   them  §.      And 

*  D.  t  Fabroni. 

%  Dry  nitre,  cauftic  potalb,  and  foda,  are  conduflors  of  irslvanifm  when 
rendered  fluid  bv  a  high  degree  of  heat;  but  the  orut^r  of  their  couduct- 
ine  powers  has  not  been  vet  afcertaincd. 
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copper  or  lilver  acls,  though  with  lefs  intenfitv,  when  water, 
or  a  fluid  which  they  are  incapable  of  decompofing,  is  fublti- 
tuted  for  one  of  the  chemical  agents. 

The  following  table  contains  fome  powerful  galvanic  com- 
binations of  the  fecond  order^  arranged  accordmg  to  the  in- 
tenfity  of  their  aclion. 

TABLE   OF   SOME   GALVANIC  CIRCLES, 

CompGJed  of  two  imperfect  Condu3ors  and  one  perfed 

Condutfor, 


in 

:3 

Copper 
Silver 

c 

Lead 
Till 

"9 

Tron 

""!" 

Zinc 

'■J 


Solutions  of  alkalineji 
fulphurets,  capa-i-§ 
ble  of  a6ting  on  = 
the  firft  three  nie 
tals,  but  not 
the  lad  three. 


on  S 


Solutions  of  nitrousi 
acid,  oxygenated' 
muriatic  acid,  &c. 
capable  of  acling 
on  all  the  metals. 


§  4.  Arraneements,  exactly  flmilar  in  their  action  to  the 
common  fmiple  circles,  may  be  formed  by  the  combination 
of  more  than  three  conductors.  For,  that  fimple  galvanic 
aclion  may  be  evolved,  nothing  more  is  apparently  requifite, 
than  that  the  points  of  contact  betv/een  the  folid  and  fluid 
parts  of  the  circle,  i.  e.  the  places  where  chemical  affinities 
are  liable  to  be  exerted,  be  immediately  preferved ;  at  the 
fame  time  that  thofe  parts  are  refpeCtively  homogeneal,  or 
compofed  refpeClively  of  fimilar  conduc^tors.  I'hus  2;inc, 
filver,  iron  J  gold,  and  water,  arranged  .in  a  circle,  in  the 
order  of  their  enumeration,  produce  action  exactly  analogous 
to  zinc,  gold,  and  water.  And  nitrous  acid,  water,  folution 
of  cauftic  potaili,  folution  of  fulphuret  of  potaili,  and  lilver, 
evolve  galvanic  influence  in  the  fame  manner  as  nitrous  acid, 
water,  folution  of  fulphuret  of  potafli,  and  filver. 

It  appears,  hovvCver,  that  the  length  and  furface  of  the 
conducting  feries,  connecting  the  exciting  parts  of  the  circle, 
are  in  fome  meafure  related  to  the  quantity  of  aCtion  it  is 
capable  of  exhibiting.  This  law,  indeed,  applies  only  ana- 
looically  to  perfeCt  conductors ;  though,  with  regard  to  im- 
perfect conductors,  it  is  demonftrated  experimeniallv ;  as  in 
all  cafes  a  diniinution  of  power,  in  Tome  unknown  ratio,  is 
produced  by  the  increafe  of  the  length,  or,  what  is  apparently 
equivalent,  the  diminution  of  the  furface  of  the  chain  which 
thev  compofe. 

The  limits  of  furface^  and  of  length,  of  imperfeCt  conductors 
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In  circles,  conne^led  with  the  maximum  and  mhiimum  of 
their  aclivltv,  have  not  been  yet  ai'certained  ;  and  there  is 
everv  rcalon  to  behevc  that  thev  will  be  different  in  different 
imperfecl;  condu6lors.  Thus,  jiortions  of  fulphuric  acid  and 
of  nitrous  acid  will  probably  form  better  conducing  feries 
than  firnilar  portions  of  water;  and  a  chain  of  water  will 
perhaps  a£l  better  than  an  equal  chain  of  water  mixed  with 
alcohol. 

From  feveral  experiments,  it  would  appear  that  the  powers 
of  circles  are  particularly  conne6ted  with  the  extension  of  the 
furfaces  of  conta6l  between  the  perfect  and  imperfect  con^ 
.duclors. 

§  5.  All  galvanic  influence  in  fingle  circles  is  manifefted 
either  by  its  efficiencv  in  affecling  living  animal  oro:ans, 
formincr  part  of  the  arrangement;  or  by  its  power  in  modi- 
fying the  chemical  changes  produced  by  the  action  of  the 
perfect  on  the  imperfe(Sl  conductors. 

A.  When  one  fluid  part  of  a  powerful  Angle  circle  Is  made 
to  touch  the  tongue  at  the  famg  time  that  another  fluid  part 
is  connected  with  fome  irritable  furface  of  the  bodv,  an  acid 
tafte  is  perceived  *,  which  becomes  lefs  diuin6l  in  propor- 
tion as  the  contaft  is  longer  preferved. 

\^  the  eve  be  made  part  of  the  galvanic  circuit,  a  tranfient 
fiaih  of  light  is  produced  at  the  moment  the  chain  is  com- 
pleted t ;  and,  when  the  bared  cutis  is  employed,  a  taint 
painful  fenfation  uniformly  denotes  the  circulation  of  the 
galvanic  influence  |. 

But  the  mofl;  diflinft  mode  of  exhibiting,  by  animal  ex- 
citement, the  exiftence  of  fmall  quantities  of  galvanic  power, 
is  by  connecting  one  part  of  the  circle  with  a  nerve,  and  an- 
other part  with  a  mufcle,  in  a  limb  juli  fcparated  from  the 
body  of  a  living  animal.  In  this  cafe,  whenever  the  con- 
nection of  the  arrangement  is  made  or  broken^  mufcular 
contractions  are  produced  §. 

B.  In  galvanic  Ample  circles  all  primary  chemical  aftion 
taking  place  between  the  imperfect  and  perfeCh  conductors 
is  apparently  increafed  by  their  galvanic  arraVigement.  Thus 
zinc,  which  oxidates  when  in  contaCt  with  common  water 
alone,  oxidates  much  more  rapidly  when  forming  a  galvanic 
circle  with  it  by  means  of  gold,  or  other  difficultly  oxidable 
metals  ||.  And  tin  appears  to  diffolve  falter  in  diluted  nitric 
acid,  when  compofing  a  circle  with  it  by  the  contact  of  gold, 
than  when  fingly  immerfed  in  it  «|. 

■■■  Sulzer,  Volta,  Robifon,  and  other  philofophers. 

t  Mr.  Hunrer.  t  Humboldt.  §  Gah'ani. 

|l  Dr.  Aih.  ijy  Original  experiment,  D. 
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C.  Bat  increafe  of  primarv  chemical  Aftlon  is  not  the  onlv 
inorcranic  etTecl  of.  galvanifm  ;  for  it  changes  the  nature  of 
this  aclion  in  a  verv  pecuhar  manner.  In  the  oxidating 
circle  with  conmion  water,  no  perceptible  quantity  of  hy- 
drotreh  is  evolved,  as  in  common  procedes ;  l3ut  an  alkaline 
fubltance  appears  to  be  formed  at  the  point  of  conta6l  of  the 
lead  oxidablc  perfe6l  condu6lor  with  the  fluid.  Thus,  if  zinc 
and  lilver  be  made  to  form  a  circle  with  diRilled  water,  hold- 
ing in  folution  air,  for  many  weeks,  a  confidcrable  oxidation 
of  the  zinc  is  perceived,  without  the  perceptible  evolution  of 
-gas  ;  and  the  water,  at  its  point  of  contact  with  the  filver, 
becomes  pofTeffed  of  the  power  of  tingeing  green,  red  cabbage 
jkiice,  and  pf  rendering  turbid,  folution  of  muriate  of  mag- 

„iiefia*. 

In  the  oxidating  circles  with  acids,  gas  is  not  only  evolved 
from  the  parts  of  the  conduftors  undergoing  chemical  change, 
but  likewife  from  other  parts  in  which  no  primary  aclion 
apparently  exilts.  Thus,  when  zinc  and  filver  form  a  circle 
with  diluted  muriatic  acid,  gas  is  not  only  given  out  at  the 
points  of  conta6l  of  the  acid  with  the  zinc,  but  likev.nfe  at 
the  place  where  it  is  conne6fed  w'ith  the  filver  f.  And  in 
the  circle  with  tin,  gold,  and  diluted  nitric  acid,  nitrous  gas 
is  evolved  from  the  gold  as  well  as  from  the  tin  ■'. 

D.  Indeed  in  all  the  lingle  galvanic  circles,  whenever  sm 
oxidating  influence  is  exerted  at  one  of  the  places  of  conta6l 
of  the  perfect  and  imperfect  condu6lors,  a  deoxidating  aclion 
appears  to  be  produced  at  the  other  place.  Thus,  when  iron, 
which  oxidates  rapidly  when  forming  a  circle  with  filver  and 
common  water,  is  arranged  with  zinc  and  common  water, 
it  remains  perfectly  unaltered,  whilft  the  zinc  is  rapidly  a6ted 
^ipon. 

§  6.  The  phcenomena  exhibited  by  the  fimple  galvanic 
circles  cannot  well  be  theorized  upon,  except  in  the  Vdws  of 
their  connection  with  the  more  complicated  and  more 
ftriking  galvanic  facts.  And  it  is  from  the  difcovery  made 
bv  Volta,  of  the  accumulation  of  galva:nifni  only,  that  the 
inflruments  of  invelligation  are  derived,  by  means  of  which 
the  nature  of  this  influence  is  known,  and  its  moft  important 
agencies  and  relations  afcertained. 

III.   Of  Compound  Galvanic  Circles^  or  Galvanic  Battei'ies, 

§  I.  The  inftruments  for  accumulating  galvanic  power, 
OP  tlie  compound  galvanic  circles,  are  compofed  of  the  fame 
elements  as  the  fimple  circles ;  but  thole  elements  are  dif- 
pofed  in  a  different  form  of  aggregation. 

*  Orie-nal  experimeri,  D.  -f-  Dr.  WcUafton. 
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To  compofe  a  galvanic  battery,  feries  of  the  conductor^ 
tapable  of  forming  fimple  circles  are  required.  And  ther 
niuft  be  arranged  in  fuch  a  manner,  that  the  conductors  of 
the  fame  clafs  in  everv  feries  may  be  in  contact  with  each 
other,  in  one  or  more  points,  at  the  fame  time  that  they  are 
refpeclively  connected  with  different  conductors  of  the  other 
clafs,  and  one  of  them  belonging  to  the  fame  feries,  a  re- 
gular alternation  being  obferved. 

Thus,  the  order  of  a  compound  galvanic  circle  is,  conduclof 
of  the  one  clafs,  conduftor  of  the  one  clafs,  conductor  of  the 
other  clafs ;  conductor  of  the  one  clafs,  and  fo  on,  in  uni- 
form arrangement. 

§  2.  The  compound  galvanic  circles,  like  the  iimplc  cir- 
cles, may  be  divided  into  two  general  orders. 

The  firft  order  is  compofed  of  ferres,  containing,  at  leatr, 
two  perfect  conductors,  and  one  imperfect  conductor.  The 
fecond  is  formed  by  arrangements,  confiiling  of  not  lels  than 
two  imperfe6l  conductors,  and  one  perfect  conductor*. 

Thus,  if  plates  of  zinc,  and  of  lilver,  and  pieces  of  cV^th, 
of  the  fize  of  the  plates,  muiftened  in  water  or  diluted  mu- 
riatic acid,  be  arranged  in  the  order  of  zinc,  iilver,  cloth; 
zinc,  filver,  cloth;  and  fo  on,  till  twentv  feries  are  perfectly 
connected,  a  galvanic  battery  is  formed  of  the  firft  clafs  f. 

And  if  plates  of  copper,  and  pieces  of  cloth,  moiltened, 
fome  in  water  and  forne  in  folution  of  fulphuret  of  potaih, 
be  connected  in  a  circle,  in  the  order  of  copper,  cloth 
moidened  in  water,  cloth  moiltened  in  folution  of  lulphuret 
of  potaili,  and  fo  on^  a  compound  circle  will  be  formed  of 
the  fecond  clafs  T. 

The  moft  elegant  mode,  how'ever,  of  arranging  the  metals 
of  compound  circles  with  fluids,  is  by  means  of  vefiels  com- 
pofed of  electrical  noncondu6tors,  fuch  as  glaffes,  or  boxes 
formed  of  baked  wood. 

Thus,  plates  of  copper  and  of  zinc,  paired,  and  foldered 
together  at  their  edges,  may  be  cemented  into  a  trough  com- 
pofed of  baked  wood,  in  regular  alternation,  and  in  fuch  a 
manner  as  to  leave  a  number  of  water-tight  cells  corre- 
fponding  to.  -|he  number  of  feries.  And  this  arrangement 
will  become  active  when  the  cells  "^re  tilled  with  water  or 
faline  folutions,  and  wiicn  the  extreme  metals  are  properly 
connected  §.• 

Or,  infteail  of  the  double  plate-,  finale  plates  of  copper 
and  of  horn,  or  glafs,  mav  be  \.\{ci\  in  uniform  alternation ; 
when  the  cells  muit,  be  filled  with  different  fluid  chemical 
agents  in  the  regular  order,  fo  as  to  be  c-onnected  together 

*  D.  f  V^'ta.  ;   D.  0  Mr.Cruikllianlt, 

6  '  bv 


334  Outlines  of  a  View  of  GaPjanifni, 

by  pieces  of  moiftened  cloth,  paffing  over  the  nonconducSiirig 
plates  *. 

§  3.  The  fubftances  iiioft  aftive  in  the  fingle  circles  are 
likewife  molt  active  in  the  compound  circles.  And  in  all 
cafes,  the  relative  quantities  of  galvanic  power,  exhibited  by 
equal  numbers  of  different  feries,  are,  in  fome  meafure,  pro- 
portional to  the  intenfitv  of  the  peculiar  primary  chemical 
agencies,  exerted  by  the  different  conductors  compoling 
them,  on  each  other  f. 

Thus,  in  the  battery  with  zinc  and  filver,  there  is  little 
or  no  aclion  produced,  when  the  connecting  fluid  is  pure 
water,  or  water  holdincr  in  folution  hvdrooen  iras,  which  is 
mcapable  of  acting  on  the  metals  f.  The  action  is  greater 
with  water  faturated  with  oxygen  J  than  with  water  faturated 
with  atmofpheric  air ;  and  it  is  moft  intenfe  when  folution 
of  red  fulphate  of  imn,  or  of  nitric  acid,  is  employed. 

The  tables  of  the  hngle  circles  will  indicate,  with  the  ne- 
ceflary  change  of  arrangem.ent,  the  relative  powers  of  the 
itn^  forming  compound  circles. 

§  4.  Provided  thofe  places  of  contact  In  the  compound 
circle,  in  which  the  peculiar  chemical  changes  are  produced^ 
remain  permanent,  the  parts  of  the  feries  which  do  not  im- 
mediately acl  chemically  on  each  other,  may  be  connefted 
together  in  the  fame  manner  as  in  fmgle  circles,  bv  means 
ot  conductors  of  their  own  clafs,  without  any  alteration  of 
the  nature  of  the  agencies. 

Thus,  in  the  circle  with  copper,  iron,  and  waterj  the 
copper  and  iron  may  be  connected  by  means  of  a  wire  of 
brais§.  And  even  the  continuity  of  the  portions  of  water 
may  be  broken  by  moid  mufcular  fibre,  and  other  imperfect 
conductors,  without  any  other  change  in  the  effect  than  a 
diminution  of  its  intenfity  || . 

§  5.  The  galvanic  influence,  when  hiiihly  accumulated^ 
produces  very  extraordinary  chemical  and  phyiical  effect?, 
and,  in  many  of  its  appearances,  airumes  the  precife  form 
ot  common  eledtricity. 

A.  When  in  a  powerful  battery  (one,  for  indance,  con- 
taining two  hundred  feries)  the  communication,  after  being 
broken,  is  again  rendered  complete  bv  the  eontacl:  of  two 
perfect  conductors,  a  flafh  or  fpark  of  ligrht  is  perceived 
analogous  to  that  produced  by  electricity  §.  Hiis  Ipark,  or 
flalh,  when  the  battery  is  molt  powerful,  is  capable  of  palling 
through  a  confiderablc  ftratum  of  air'^f,  and  of  inflaming 
niixtures  of  oxygen  and  hydrogen  **.     When  the  metallic 

"  Counr  Rumfoid.  f  D.  +  Major  HaUl^ine.  §  Volta. 

li  Pfaff,  Ritter,  and  D,  %  Mr.  Cruiklhaak!  ^-•■^  Mr.  R.  ^oulton. ' 
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ftibdance?,  by  which  it  is  tranfmitted,  are  of  very  fmall  vo- 
lume, it  is  pclleired  of  the  power  of  ianiling  them,  and  ^i 
making  them  enter  into  combuition  when  in  contaft  with 
oxygen*, 

B.  The  galvanic  influence,  when  highly  concentrated, 
affects  the  eleclrometer,  and  is  capable  of  communicating 
weak  charges  to  the  condenfer  and  Leyden  phial  f.  In  all 
compound  circles  of  the  firft  clafs,  the  nioft  oxidable  part  of 
the  metaUic  plates  evolves  the  influence,  appearing  as  poli- 
tive  electricity,  whilft  the  iealt  oxidable  part  fcems  negatively 
electrified.  In  the  fecond  clafs  of  circles  it  is,  however, 
probable  that  this  order  is  reverfed. 

C.  Galvanifm,  moderately  accumulated,  aff'efts  the  ani- 
mal organs  in  nearly  the  fame  manner  as  common  cle6lri- 
city.  When  the  human  body  is  made  part  of  the  circle,  a 
Ihock  is  perceived  at  the  moment  of  connection ;  and  a  fub- 
fequent  numbnefs  and  tingling  fenfation  denote  the  perma- 
nent circulation  of  the  influence. 

The  frefli  limbs  of  frogs  undergo  violent  contractions,  and 
foon  lofe  their  excitability,  when  placed  in  the  circuit  of  a 
powerful  battery. 

D.  The  chemical  actions  taking  place  in  the  compound 
galvanic  circle,  prefent  curious  and  moit  unexampled  appear- 
ances;  all  the  primary  changes  taking  place  in  the  different 
conductors  beino-  increafed,  and  modified  to  a  great  extent. 

In  all  batteries  ot  the  firfl:  order,  when  the  connection  Is 
completed,  chanoes  take  place  which  denote  the  evolution 
of  influences  capable  of  producing  from  commo7i  water  oxygen 
and  hydrogen,  acid  and  alkali,  in  different  parts  of  every 
feries  % . 

Thus,  in  the  battery  with  feries  of  zinc  plates,  filver  wires, 
and  common  water,  oxide  of  zinc  is  formed  on  all  the  plates 
of  zinc,  whilft  hydrogen  is  produced  from  the  (ilver  wires, 
and  if  the  water  in  contaiA  with  them  be  tinged  with  red 
cabbage  juice,  it  becomes  green  §. 

And  in  the  battery  with  filver,  gold,  and  weak  nitric  acid, 
the  filver  is  diflblved,  w'hiUt  the  acid  becomes  green,  and 
llowly  evolves  gas  at  its  points  of  contact  with  the  gold. 

The  chemical  agencies  exe^ied  in  the  compound  batteries 
of  the  firft  clafs,  can  be  belt  obfcrved  by  the  iubllitution  of 
fingle  metallic  wires  for  fome  of  the  double  plates  ;  for,  in 
this  cafe,  ttie  changes  taking  place  in  the  feritis  with  wires, 

•  ProfeiTors  Tromsdorf  Bockmann,  Fourcroy,  and  "^'auquelin. 

t  Mr.  NichoKon  and  Mr.  Cruiklhank. 

t  Mr.  Nicliolfoa,  Mr.  Carliilc,  and  Mr.  Cruikfliank. 
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will  be  exadly  analogous  to  thofe  produced  in  the  fcrles  with 
plates;  filver,  and  all  the  more  oxidable  metals,  oxidatmo- 
in  water,  in  the  ulVial  place  5  and  gold  and  platma  evolvmg 

oxvf>;en  aas.  ,  .      ,  r^    ^  x  -a 

Tlin="when  into  two  fmall  glafs  tubes,  conncacd  by  moitt 
animal  fabftance,  and  illled  with  diftilled  water,  two  gold 
wires  are  introduced  from  a  large  battery,  m  the  proper 
order,  oxvgen  is  produced  in  one  quantity  of  water,  and 
hydrogen 'in  the  other,  nearly  in  the  proportions  m  which 
they  a'le  required  to  form  water  by  combuftion  *.  And  u 
the'procefs  be  continued  for  fome  time,  the  apparatus  bemg 
exDofed  to  the  atmofphere,  the  water  in  the  oxygen-giving 
tube  will  become  impreGrnated  with  an  acid  (apparently  the 
nitrous);  whilft  that  in  the  hydrogen-giving  tube  will  be 
found  to  hold  in  folution  an  alkali,  which,  in  certain  cales, 

has  appeared  to  be  fixed  f.  ...      ,    ^ 

From  fome  experiments  it  would  appear  probable  that 
the  quantities  of  hvdrogeh  produced  in  feries  are  fmall,  and^ 
the  quantities  of  alkali  ^reat,  in  proportion  as  the  furiaces  ot 
contad  of  the  leaR  oxid^able  metals  with  the  water  are  more 

extended  *  • 

'  All  the  oxygenated  folutions  of  bodies  poiTeffing  lefs  affinity 
for  oxygen  than  nafcent  hydrogen,  are  decompofed  when 
expofed  to  the  adion  of  the  metal  occupying  the  place  oi  the 
lead  oxidable  part  of  a  feries  in  the  compound  circle. 

Thus,  fulphur  mav  be  produced  from  fulphuric  acid  :  and 
copper  and  other  metals  precipitated  m  the  metallic  tornx 
from  their  folvents;!:.  ,     .      ,  •       .i 

But  htile  knowledo-e  has  yet  been  obtained  concerning  the 
chemical  changes  taking  place  in  the  fecond  clafs  of  galvanic 
batteries.     But^from  feveral  experiments  it  would  appear  that 
they  are  materially  different  in  the  laws  of  their  production. 
from  thofe  takins;  place  in  the  lirft  clals. 

Thus,  when  iTiude  metallic  wires  with  water  are  placed 
as  feries  in  powerful  batteries  of  the  feeond  order  the  in- 
Huence  producing  oxvi:;en  feems  to  be  tranfmitted  by  the 
point,  in  the  place  of 'that  part  of  the  plate,  which  was  ap- 
parently incapable  of  undergoing  oxidation;  whiUt  the  hy- 
drogen is  evolved  from  that  point,  where  the  oxidating  part 
<jf  tlie  primary  feries  appeared  to  exift  §. 

-  Ori«;inal  experiment,  D.  .  ,       ■  ■,    n-         c 

t  Mr  Cruikihank,   the  firftdifcoverer  of  the  galvanic  procludion  ot 

aUali,rupporesthar  the  hydrogen  wire  in   common  water  generates  am- 

niuniac      Perhaps   tlie    prefcncc  of  mufcufer  fibre  is  connected  with  the 

produaion  of  nxcd  alkali  in  the  experiment  detailed  inthe  text. 

+  Mr.  Nicholfon,  Mr.  Cruiklhank,  und  Mr.  Henry  jun. 
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§  6.  The  agfency  of  the  galvanic  influence,  which  occa- 
Cons  chemical  changes,  and  communicates  electrical  charges, 
is  probaljlv,  in  fonie  meaiure,  diftinct  from  that  agency 
which  producer  fparks,  and  the  combuftion  of  bodies. 

The  one  appears  (all  other  circumftances  being  fimilar) 
to  have  little  relation  to  furface  in  compound  circles,  but  to 
be  great,  in  fome  unknown  proportion,  as  the  number  of 
ftiries  are  numerous.  The  intenfity  of  the  other  ieems  to  be 
as  nuich  connected  with  the  exteniion  of  the  furfaces  of  the 
fcries,  as  with  their  number. 

Thus,  thoucrh  eioht  ferics,  compofed  of  jilates  of  zinc  and 
I'opper,  about  ten  inches  fquare,  and  of  cloths  of  the  fame 
lize,  moiftened  in  diluted  muriatic  acid,  give  fparks  fo  vivid 
as  to  burn  iron  wire :  vet  the  fliocks  they  produce  are  hardlv 
fenfible,  and  the  chemical  changes  indiitinct  *.  Whillt 
twentv-four  feries  of  fimilar  plates  and  cloths,  about  two 
inches  fquare,  which  occalion  fliocks  and  chemical  agencies 
more  than  three  times  as  intenfe,  produce  no  light  whatever. 

§  7.  A  meafure  of  the  intenfity  of  the  power  in  galvanic 
batteries,  producino;  chemical  changes,  may  be  derived  from 
the  quantity  of  oas  it  is  capable  of  evolving  from  water  in  a 
given  time;  or  Trom  the  length  of  the  fluid  chain  througli 
which  it  can  be  tranfmitted.  For  the  lame  law  of  diminu- 
tion of  activity  that  was  applied  to  fingle  circles  in  §  4, 
p.  330,  niav  be  likewife  applied  to  compound  circles. 

I'he  creneral  relative  forces  of  ditferent  batteries  may  be 
afcertained  by  connefting  them  in  oppofite  orders,  fo  as  to 
produce  a  certain  annihilation  of  power.  For  in  all  cafes 
when  the  moft  oxidable  part  of  one  feries  is  placed  oppofite 
to  the  fame  part  of  another  equal  feries,  and  connected  with 
it  by  means  of  a  fluid,  the  oalvanic  agencies  of  both  are  dc- 
it  roved. 

IV.    General  Ohfervations, 

§  I.  From  a  valuable  experiment  lately  madef,  it  appears, 

that,  when  common  electricity  is  palled  through  water,  by 

-means  of  two  very  fine  metallic  points,  chemical  changes 

are  etiected  by  it,  analogous  to  tliofe  occafioned  by  the  tranf* 

iniffiou  of  the  galvanic  influence. 

This  fa<St,  finglv,  prefents  a  very  ftrong  analogy  between 
£:a]vanifm  and  the  common  electrical  influence:  and,  when 
compared  with  the  other  facts,  it  amounts  alnioft  to  a  de- 
nionfiration  of  their  identitv. 

On  this  theory,  it  fcems  mofl  probable,  that  all  the  different 

*  Fourcrov,  Vsuquclin,  and  ThtnarJ. 
t  By  Dr.  WqUalTon. 
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jvalvanlc  ph£enomenao\ve  their  exiftence  to  eleftricity,  excited 
m  the  different  arrangements,  in  confcquence  of  a  change  in 
the  eleclrical  capacitv  of  ftich  of  their  parts  as  undergo  che- 
mical action  ;  this  action  being  alwavs  connected  with  altera- 
tions in  the  fnrfaccs  and  conducting  powers  of  b(xiics. 

The  circulation  of  electricity  in  galvanic  circles,  from  its^ 
different  points  of  excitation,  appears  to  depend,  iu  a  great 
meafure,  upon  certain  fpeciflc  attractions  for  it^  in  the  dif- 
ferent conductors,  inexplicable  by  known  laws. 

§  2.  In  all  cafes  of  fimple  galvanic  action,  negative  and 
pofitive  ele6lricitv,  as  refpeftively  exhibited  by  their  deoxid- 
atino-  and  oxidating  influences,  after  being  once  excited,  can 
be  multiplied  bv  a  certain  alternation  of  furface. 

Thus,  in  the  circle  with  zinc,  iron,  and  water,  in  which, 
as  was  dated  in  page  332,  the  zinc  oxidates,  and  the  iron  un- 
derooes  no  change,  if  a  drop  of  water  be  placed  on  an  in- 
fulated  furface  of  the  iron,  it  will  rapidly  act  upon  it,  and 
produce  red  oxide;  whereas,  if  it  be  placed  upon  a  fimilar 
furface  of  the  zinc,  it  will  undergo  very  little  change  *. 

This  faft  will,  perhaps,  in  fome  meafure,  lead  to  an  ex- 
planation of  the  caufe  of  the  accumulation  of  galvanifm  in 
compound  circles.  For,  in  thofe  circles,  all  the  feries  are  fo 
conttituted  as  to  produce  a  perfect  correfpondence  between 
the  electricity  excited  by  chemical  action,  and  that  produced 
by  compenlation. 

§  3.  The  general  chemical  agency  of  galvanifm  is  at  pre- 
fent  involved  in  obfcurity.  The  facts  relating  to  the  feparate 
produ(?tion  of  oxvgen  and  hydrog;en,  acid  and  alkali,  in 
water,  are  totally  incoinmenfurable  with  the  ufually  received 
theory  of  chemiftrv.  And,  even  fnppofing  that  the  appear- 
ance of  the  two  lafl  of  thefe  bodies  is  connected  with  the 
prefence  of  atmofpheric  air,  it  is  (till  extremely  difficult  to 
conceive,  that  either  oxvgen  or  hydrogen  can  pafs  in  an  in- 
viiible  form  through  fluids  or  organic  tx)dies.  Common 
phyfical  facts  prefent  us  with  no  analogies  fufficiently  diftinct 
to  enable  us  to  reafon  on  this  fubjeCt;  and  the  elucidation  of 
it  will  probably  be  connected  with  perfectly  new^  views  of 
corpufcular  action. 

§4.  The  appearance  of  galvanic  aftion  in  living  matter, 
particularly  in  the  torpedinal  organ,  leads  to  curious  inqui- 
ries. Chemical  changes  are  perpetually  going  on  in  different 
parts  of  the  living  body,  which  muft  be  connected  with  altera- 
tions in  their  ftates  of  electricity;  and  organized  beings  con- 
tam  all  the  fubftances  requifite  for  forming  fpecies  of  galvanic 
arransfements.  Thefe  circumftances,  combined  with  the  facts 

*  D. 
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of  the  produ6lion  of  mufcular  contraction  by  common  gal- 
vanihn,  and  the  depeadance  of  irritabihty,  and  even  Hfe, 
Upon  the  oxygenation  of  the  blood,  afford  analogies  which 
render  it  probable  that  fome  pha?nomena  fimilar  to  the  gal- 
vanic phcenomena  mav  be  connccl:ed  with  mufcular  aftion 
and  other  proceifes  of  life.  Thei'e  analogies,  however,  at 
prefent  are  very  indiitin6l;  and  they  ought  to  be  confidered 
of  importance  onlv  fo  far  as  thev  are  likelv  to  lead  to  the  dif- 
covery  of  new  initruments  of  experimental  inveftigation. 

Co7icluJion. 

The  relations  of  galvanifm  to  the  different  branches  of 
phvfical  fcieuce  are  too  numerous  and  too  exteniive  to  be 
connedled  with  the  preceding  details ;  and,  although  in  their 
infancy,  they  will  probably  long  conltitute  favourite  fubjects 
df  inveftigation  amongft  philofophcrs^  becoming  the  fources 
of  ufeful  difcoveries. 

The  new  galvanic  facls  have  given  an  importance  to  the 
fcience  fufficient  to  render  it  intereliing,  and  to  enfure  its 
progreffidn.  The  fpirit  of  inquiry  is  awakened  in  the  public 
mind,  and  it  is  difficult  to  imagine  the  exiftence  of  caufes 
capable  of  deitroving  it. 

Galvanifm  may  be  purfued  with  greater  facility  than  moft 
of  the  other  fciences;  it  requires  lefs  time  and  attention  ;  it 
is  Icfs  conneclied  with  manual  labour,  and  the  moft  delicate 
orcrans  are  the  belt  fitted  for  perforraino-  and  oblervintr  its 
operations. 

The  infl:rument>  required  for  galvanic  experiments  are  few^ 
and  but  little  expeniive.  A  battery  compofed  ot  tilty  pi  iies, 
when  arranged  with  chemical  agents,  forms  a  combination 
fufficientlv  powerful  for  common  experiments.  With  fuch 
a  combination,  a  few  glafs  tubes  having  gold  wires  attached 
to  them,  and  a  gold  leaf  electrometer,  ma\'  inveltigations  be 
purfued,  and  principles  dilcovercd,  extending  not  alone  to 
the  laws  of  dead  matter,  but  even  to  thole  of  anmiated  nature. 

If,  to  render  2;alvaniim  a  popular  Itudy,  it  were  neceilary 
to  prove  that  it  bore:  relations  to  the  common  wants  of  life, 
it  misfht  be  itated,  that  its  agencies  are  likely,  at  fome  period, 
to  become  ufeful  in  the  arts.  When  our  galvanic  inftru- 
ments  are  rendered  more  perfe6l  and  more  powerful,  we  may 
be  readily  enabled,  bv  means  of  them,  to  procure  the  pure 
metals;  and  to  form  immediately  from  their  elements,  ni- 
trous acid  and  alkali.  'I'he  connection  ot  gaivauirm  with 
philofophical  medicine  is  evident.  The  electrical  influence 
in  its  common  form,  as  excited  by  machines,  has  been  em- 
ployed with  advantage  in  the  cure  of  diieafes ;  in  a  new  ftate 
"  Y  4  of 
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of  exiftence  it  mav  poflibly  be  poiieflcd  of  greater^  and  of  dif- 
ferent powers. 

But^  independent  of  the  immediate  applieations  of  this 
fcience,  much  is  to  be  hoped  from  the  ekicidations  which  it 
may  beftovv  upon  the  kindred  fciences.^  And  a  difcovery  fo 
important  as  to  excite  our  aftoniflunent,  cannot  fail  of  be- 
oomino-,  at  fome  period,  uieful  to  fociety.  All  the  different 
branches  of  human  knowledge  are  intimately  connedled  to- 
gether, and  theoretical  nnprovements  cannot  well  be  made 
m  them  without  being  accompanied  by  practical  advantages. 

Royal  lultiiution,  Sept.  I,    ihoi. 


LIV.  A?i  Accoimt  of  a  Method  of  corifruBhig  Swiple  and 
Compound  Galvanic  Combinations ^  ivithont  the  Ufe  of  IMe- 
tallic  S?/h/I(7nces,  by  means  of  Charcoal  and  different  Fluids^ 
By  Mr.  Davy*. 

!•  If  a  piece  of  well  burned  charcoal  be  brought  in  contae^v 
at  one  of  its  furfaces  with  a  portion  of  water,  and  at  another 
furfacc  with  a  portion  ot  nitric  acid,  a  fnnple  galvanic  com- 
bination will  be  formed  when  the  two  fluids  are  connected 
tocvether :  and  the  powers  of  it  are  demonftrated  bv  its  agen- 
cies upon  the  limbs  of  frogs,  and  by  its  effefts  upon  the  organs 
of  fen  I  "e.  ^ 

^  a.  A  compound  galvanic  combination  or  a  galvanic  bat- 
tery mav  be  formed  from  a  number  of  feries  compofed  of  the 
fanie  fubllances;  but  in  this  caie  the  fluid  elements  of  each 
feries,  not  being  immediately  in  contact,  muft  be  connected 
with  fuuilar  elements  in  other  feries  in  an  order  of  regular 
alternatiem,  fuch  as  water,  charcoal,  acid  j  water,  charcoal, 
acid  ;  and  fo  on. 

3.  The  beft  mode  that  has  yet  occurred  of  conftrucling 
galvanic  batteries  with  charcoal,  is  by  means  of  a  number  of 
glades,  which  are  made  to  contain,  alternately,  nitrous  acid 
and  water,  and  which  are  connected  in  pairs  by  means  ot 
moiftcned  cloth.  The  pieces  of  charcoal  ufed  are  made  from 
very  dcnfe  wood,  fuch  as  box  or  lignum  vitae;  and  in  this 
cafe,  the  fluids  will  not  penetrate  into  them  by  capillary  at- 
traction much  beyond  the  places  of  their  primary  contact. 
Their  forms  are  thofe  of  arcs,  fo  that  each  piece  connects 
together  two  glaflcs;  but  in  inftances  where  Angle  pieces  of 
charcoal  cannot  be  obtained  of  the  proper  fliape,  two  long 
and  thin  flips  may  be  faftened  together  bv  filk,  fo  as  to  form 
the  angle  neceflfary  to  their  infertion  into  the  glafles. 

*  From  the  fame. 
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4.  Twentv  fcrics  in  a  battery  of  this  kind  produce  fenfible 
but  feeble  {hocks,  and  when  a  (ingle  nietalHc  feries  with  a 
gold  wire  and  two  crlalfes  of  water  is  fubftituted  for  one  of  the 
primary  feries,  hydrogen  is  given  out  by  the  metallic  point 
in  the  glafs  of  water  in  the  place  of  the  acid,  whilft  oxvgen 
is  evolved  from  the  point  in  the  other  glafs. 

5.  In  the  galvanic  batteries  with  charcoal,  fulphuric  acid 
may  be  fubftituted  for  nitric  acid;  and  folution  of  fulphuret 
of  potafli  for  the  w\Hter,  without  any  material  alteration  in 
the  nature  of  the  agencv  ;  the  folution  of  the  fulphuret  in- 
deed, feems,  in  fome  meafure,  to  increafe  its  intenlity,  and 
combinations  containing  this  fubftance,  denfe  charcoal,  and 
concentrated  nitric  acid,  appear  to  be  fuperior  in  aftivity  to 
limilar  combinations  containing  copper,  and  the  fame  fluid 
elements,  and  to  be  nearly  equal  to  thofe  compofed  of  zinc, 
iilver,  and  water. 

January  9,  To 02. 


LV.  Ohfew  ations  on  the  AffinUy  which  'Earths  have  for  each 
other.  By  Darracq,  Pupil  o/VAUaUELlN^  and  his 
Afjljlant  in  the  School  of  Mines  *. 

X  HE  analyfis  of  flones  has  long  engaged  the  attention  of 
chemifts.  The  moderns,  affifted  by  more  correct  inftruments, 
have  carried  this  branch  of  chemiftry  to  fuch  a  dei2;ree  of 
perfeclioQ,  as  feems  to  leave  nothing  more  to  be  defired  ;  but 
C.  Guyton,  in  a  memoir,  in  which  he  treats  with  minutenefs 
on  the  different  affinities  which  the  earths  exercife  ou  each 
other,  relates  feveral  obfervations,  printed  in  the  27th  number 
oiiXiQ,  A  finales  de  C/6i/;zzV,  which  excite  great  doubt  in  rcirard  to 
the  exaclnefsof  the  analyles  hitherto  made,  and  which  invite 
all  chemifts  to  be  on  their  guard,  left  they  (liould  take  a  fimple 
earth  for  a  mixture  of  feveral.  The  embarralTment  which 
thefe  affinities  daily  gave  rife  to,  determined  me  to  examine, 
with  great  care,  the  ditiercnt  circumftances  under  which  they 
may  take  place;  for,  if  it  is  of  importance  to  point  out  thele 
new  combinations^  it  is  no  lefs  fo  to  reduce  them  to  their 
juft  value, 

.Exp.  I.  C.  Guyton  having  mixed  ten  centilitres  of  lime 
water  with  two  centilitres  ot  barvtes  water,  there  were  fooii 
formed  white  clouds,  which  united,  and  depofited  themfelves 
£it  the  bottom  of  the  velTel  containing  the  mixture.     la  con- 

*  from  the  Ar.nalc'  de  Cbimie^  No.  118. 
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fequence  of  this  experiment  he  admitted  an  affinity  between 
lime  and  barytes. 

I  repeated  the  fame  experiment  with  great  care;  but  ob- 
tained no  change  in  the  liquors  mixed,  nor  any  fign  of  pre- 
cipitation, even  after  five  months.  It  is  to  be  prefumed  th-\t 
the  precipitate  formed  in  the  experiment  of  C.  Guyton  arofe 
from  the  impurity  of  the  fuhftances  employed.  In  mv  opi- 
nion, it  wasovv'ing  to  the  prcfence  of  fome  atoms  of  fulphuric 
acid  contained  in  the  hme.  It  is  almoft  alwavs  found  in 
common  Ume. 

Exp.  II  By  combining  a  folution  of  aluminated  potafh 
and  lihciated  potafli.  I  obtained,  as  Guvton  did,  a  very  thick 
white  precipitate,  which  foon  after  formed  agelly.  This  pre- 
cipitate, difperfed  in  water,  and  tiUered,  crave,  by  the  tefts 
proper  for  alumine  and  filex,  evident  proofs  of  the  affinity  of 
thele  two  earths  diflblved  in  potafh. 

Exp.Wl.  Lime  water,  mixed  with  a  foKition  of  filiciated 
potalh,  gave  alfo  proofs  of  a  real  affinity  between  thefe  earths 
by  the  precipitation,  which  was  inftantly  efi'efted.  This 
was  confirmed  alfo  by  an  analvfis  of  the  precipitate, 

Exp.  IV.  Strontian  water  with  lihciated  potalh  produced 
the  fame  phsenomenon  as  the  preceding  mixture. 

Exp.  V.  Strontian  water  and  hme  water  mixed  together 
formed  no  precipUate,  as  was  obferved  bv  Guyton. 

Exp.  VL  Strontian  water  and  barytes  water,  when  com- 
bined, formed  no  precipitate. 

Exp.  VII.  Carbonates  of  Hme  and  barytes,  difTolved  in  an 
excefs  i)f  their  acid,  gave  no  fign  of  a  new  combination. 

Exp.  VIII.  This  experitnent,  which  begins  the  feries  of 
thoie  made  by  Guyton  on  the  folution  of  earths  in  acids,  did 
not  afford  me  the  refults  announced  bv  thatchemift.  Havincr 
made  a  mixture  of  equal  parts  of  a  folution  of  muriate  of  lime 
and  a  folution  of  muriate  of  alumine,  he  obferved,  ift,  That 
the  liquor  immediately  became  turbid,  without  the  acid  of 
agitation  :  2d,  That  foon  after  it  was  opake,  and  almoft  ge- 
latinous :  3d,  and  in  the  laft  place,  that  this  precipitate  did 
not  difappear  bv  the  addition  of  an  acid. 

I  repeated  this  experiment,  with  all  the  care  poffible,  to 
obtain  the  fame  phcenomena.  Very  pure  m.uriate  of  lime, 
mixed  with  muriate  of  alumine  equally  pure,  gave  no  fign  of 
precipitation  :  the  mixed  liquors  conftantty  remained  clear. 

It  is  probable,  according  to  feme  effiiys  which  are  pe- 
culiar to  myfelf,  that  the  precipitate  obtained  by  C.  Guyton 
was  occafioned  by  the  fulphuric  acid  contained  in  the  miU- 
riate  of  alumine,  and  w^hich  at  the  time  of  the  mixture  muft 
have  r.e-a6led  on  the  lime;  for  when  alumine  has  been  ex- 
4  traded 
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traced  from  alum,  it  is  difficult  te  iVre  it  entirely  from  ful- 

^'Bv^TtrVaincr  alumine  from  thofe  natural  ftones  which 
contain'it,  eith?r  by  the  nitric  acid  or  the  muriatic  acid,  it 
uill  be  eafv  to  difcover  the  error  into  which  the  author  was 
led  bv  muriate  of  lime  prepared  with  the  earth  of  alum. 

EvP  IX.  Bv  combining  muriate  of  hme,  in  iolution,wita 
muriate  of  barvtes,  Guvton  obferved  an  abundant  precipitate, 
which  was  not  diirolved  by  excels  ot  muriatic  acid  The  o- 
lutions  of  thefe  two  muriates,  whether  concentrated,  or  dduted 
with  dillilled  water,  oave  no  lign  of  precipitation  by  mixing 
toP-ether,  nor  a  lono^  time  after  their  comoination.  In  my 
opinion,  the  muriate^of  lime  emp  byed  by  Guy  ton  contained 
fome  atoms  of  fulphuric  acid,  which,  with  the  barytes,  muil 
have  formed  fulphate  of  barvtes.       ,      .,      ,         ^  ^ 

Exp  X  Muriate  of  lime  mixed  with  that  of  magneha 
gave,  as  Guvton  obferved,  no  fign  of  precipitation. 

E^p  XI  When  folutions  of  muriates  of  hme  and  ot  Itron- 
tian  were  mixed,  no  change  was  produced.  This  was  ob- 
ferved alfo  by  Guvton. 

Exp  XH.  Guvton  announces,  that  the  mixture  of  folutions 
of  muriate  of  magnefia  and  muriate  of  alumine  alTumed  at 
the  end  of  fome  minute.,  a  (light  miky  appearance  Ihis 
expermient,  beino:  carefully  repeated,  exhibited  nothing  ot 
the  kind :    my  liquors  retained   their  clearnefs  and   tranf- 

E^-Zxin  The  thirteenth  experiment,  made  with  a  mix- 
ture of  folutions  of  muriate  of  magnefia  and  muriate  ot  ba- 
rvtes,  formed  no  precipitate,  either  at  the  moment  or  long 
aVter  vet  Guvton  lavs  he  obtained  an  abundant  precipitate. 
It  is  probable 'that  fulphuric  acid  was  itiU  concealed  m  the 

muriate  of  magnefia.  :.u  .^., 

Exp  XIV.  This  experiment,  which  was  made  with  mu- 
riate of  macrnefia  and  muriate  of  ilrontian,  gave  no  fign  o. 
anv  new  combination.    The  fame  was  remarked  by  Guvton. 

Exp  XV  Muriate  of  barvtes  and  muriate  ot  alumme, 
bpth  diffolved  and  even  diluted  in  water,  gave  to  Guvton  an 
abundant  precipitate.  The  lame  experiment,  ^'eP^^^^^  ^'^^^^^ 
the  folutions  concentrated  or  diluted  with  water,  did  not  v  idd 
me  the  fame  refuit :  the  mixture  always  remained  clear,  with- 
out formino;  anv  precipitate.  j    1      m 

Exp  X\I.  Thefixteenth  experiment,  made  by  the  com- 
bination^ muriate  of  ftrontian  with  that  of  barytes,  exhi- 
bited no  change.  ,     ,  n.  •      „.    ^r 

E-P  XVlf  The  feventeenth  and  laft  experiment  ot 
Guyton,^oa  the  affinity  of  earths  in  the  humid  ^vay,^^was 
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niade  by  mixing  a  folution  of  muriate  of  ftrontian  with  a  fo- 
ut.on  of  munate  of  alumine.  According  to  his  account,  the 
iquor  affmiied  a  m>ky  colour,  and  gave  a  precipitate  which 
tl^>e  acd  did  not  rcd.flolve.  This  expcrinient,  repeated,  hke 
all  the  reft,  with  a  great  deal  of  care,  fiill  confirmed  the  pre- 
lence  of  the  lu  phuric  acid  in  the  folution  of  muriate  of  am- 
monia he  employed  ;  for  I  had  no  precipitate  when  I  repeated 
the  experiment,  and  the  liquor,  for  five  months,  loft  nothiiK- 
or  Its  tranlparency.  ^ 

Bv  admitting 'between  enrthv   fubftances  an   affinity    of 
winch  nature  a^ords  a  thoufand  examples,  I  do  not  however 
thmk  that  the  force  which  attracts  them  is  fufficientlv  oreat 
to  make  them  abandon  their  folvent,   without  evaporation, 
eipecially   if  it  be  acid.    There  is  none  indeed  but ViJex  dif- 
iolvedin   alkah   that  has  the  property  of  precipitatino- the 
other  alkaline  earths  from  their  aqueous  folutions  :   the  other 
earths  produce  nothing  of  the  kindj  for,  if  alumine  diflblved 
m  an  alkah   be  mixed  with  folutions  of  barvtes,    flrontian 
Jime,  &c.  no  precipitate  will  be  formed  ;  nothino-  more  will 
fake  place  between  the  ftrontian,  linie,  baryte^    &q 

If  the  experiments  of  Guyton  had  really  eftabliflicd  the 
lacts he  announces,  we  fliould  have  had  nJ  lonoer  any  cer- 
tain means  for  analyfing  earths  and  Itones,  and  every  thino- 
hitherto  done  on  this  fubjeft  could  only  have  been  confidered 
as  lo  many  incorrecl;  refults. 

I  therefore  think  myfelf  authorized  to  conclude,  from  the 
tacts  announced  in  this  memoir,  that  the  phrenomena  ob- 
erved   by  Guyton  u  ere  occafioned  in  many  cafes  by  forei^rn 
bodies  contained  m  the  matters  he  employed.  ^ 

L\q     ^A-/,™z.;7/.   .o;2(:.r7zi;z^o-  the  Analyjh   and  Synthefis  of 
Alkalies    and   Earths,    announced   hy    C.    GuYTo/ ^;z'^ 

to  C .  Va  u  a  u e  l  I N  at  the  School  of  Mmes  * 

I  HE   third    volume   of  the  Memoirs  of  the  Inftitute  of 
trance  contains  fome  experiments  by  C.  Guyton  and  Des, 
fiv?f  rV         "^f  P^fi^i^^,   ^i^'d  decompofition  of  the    two 
fed_  alkalies,  and  fome  of  the  earths  fuppofcd  to  be  fimnie 
Ihe  importance  of  fuch  difcovenes,  the  period  of  rheir  bemJ 
«.ade    and  their  ntditv  to  the  arts,  invite  all  chemifrs  to  re? 
peat  them;  and- fuch  u  ere  the  motives  by  which  I  was  auided 
in  my  relearches.      To  announce  that  my  experiment^  were 
*  From  the  J^raa/es  dc  Cbimh,  iNo.  ,19. 

made 
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made  In  the  laboratorv  of  the  School  of  Mines,  h  to  inform 
the  public  that  I  was  allifiecl  by  the  advice  of  C.  X'auquehn. 

I  muft  requeft  ihofe  chemifts  whofe  opinions  I  am  about 
to  oppofe,  to  confider  my  labour  as  arifing  only  trom  a  defire 
to  difcover  truth,  and  not  as  the  refult  of  a  vain  pretenfion  to 
alter  in  any  manner  the  eiteeni  which  they  deferve^  and  the 
gratitude  due  to  them  for  their  numerous  and  ufeful  difco- 
veries.  I  fhall  therefore  content  myfelf  with  defcribing  the 
manner  in  which  I  repeated  their  experiments.  I  fhall  Ihow 
the  retults  of  them,  and  I  Ihall  leave  to  chemifts  to  deduce 
from  them  fuch  conclufions  as  they  may  think  proper. 

Exp.  I.  The  firft  experiment,  which  confifts  in  the  re- 
duction of  a  metallic  oxide  bv  potarii,  prefents  nothing  that 
can  lupport  the  obfervation  of  the  above  authors.  The  cunfe- 
quence  which  thev  themfelves  deduce  from  it  is  merely  ac- 
ceflbry.  Eefides,  it  is  known  that  feveral  faline  fubftances 
deftitute  of  potafli  poffefs  this  propertv.  It  is  known  alfo, 
that  tire  alone  is  fufficient  to  reduce  the  oxide  of  lead  em- 
ploved  in  this  operation. 

Exp.  IT.  Guy  ton  and  Deformes  decompofed  in  a  platina. 
crucible  fulphuret  of  potaih ;  and  willi  the  help  of  a  iironrr 
heat  they  obtained  lime. 

I  repeated  this  experiment  with  common  fulphuret  of  pot- 
afli; that  is  to  fav,  the  lubftance  commonly  fold  in  the  Ihops 
under  the  name  of  I  her  cj  Julphur;  and  having  expofed  it  to' 
a  ftrong  heat,  I  obtained  a  reiiduum  Vvhich,  when  treated 
with  water,  was  not  entirely  diifolved.  The  infoluble  part, 
treated  by  nitric  acid,  was  attacked;  the  nitric  folution,  tried 
by  the  oxalate  of  ammonia^  gave  a  great  quantity  of  lime. 

Sufpecling  that  the  lime  found  by  this  experiment  mio;ht 
arife  from  the  potadi  employed,  to  make  the  fulphuret,  I 
niade  a  fecond  ex))erinient  with  pure  fulphuret  of  potafli, 
prepared  from  potafh  purified  bv  alcohol  and  fublimated  ful- 
phur.  I  emplovcd  16  grammes  of  aJkali  and  8  of  fulphur. 
i  he  mixture,  made  in  a  mortar,  and  poured  by  portions  into 
a  platina  crucible  ftrongly  heated,  left  a  matter  of  a  reddifh 
brown  colour,  which,  treated  by  water,  was  alnioft  entirely 
diifolved.  The  fmall  refiduum,  which  weighed  only  4  centi- 
grammes, being  carefully  exiimincd,  was  found  to  be  fiiex 
coloured  bv  charcoal ;  it  arofe  no  doubt  from  the  potalh, 
which,  as  is  well  known,  eafily  diffolves  that  earth. 

Exp.  III.  To  perform  tliis  third  experiment,  thev  took 
oxalate  of  potafli  ith  fulphur.  After  the  mixture  was  moift- 
ened  and  pulveriled,  it  was  treated  with  heat  in  a  fand-baih, 
and  oxalate  of  lime  uas  obtained. 

As  the  above  iiuthors  do  not  dcfcribe  this  experiment,  ai;d 
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give  no  proportions,  T  (hall  make  known  thofe  which  I  em- 
ployed, and  the  reiult  I  obtained. 

to  o-et  pure  oxalate  of  potalh,  I  faturated  potafli  purified 
by  alcohol  with  oxalic  acid.  I  took  i8  grammes  of  this  fait, 
evaporated  almoft  to  drynefs,  and,  having  mixed  it  with  9 
crrammes  of  fublimated  fulphur,  moi(tened  the  mixture  with 
half  a  decilitre  of  water.  I  then  placed  the  capfule  contain- 
ing it  on  a  fand-bath,  and  evaporated  it  at  a  gentle  heat.  Ihe 
reilduum  taken  up  bv  diltilled  water  being  filtered,  there  re- 
mained on  the  filter'  a  blackifli  yellow  refiuuum,  and  the  h- 
ouor  had  alTumed  a  llioht  yellow  colour.  The  refiduum  was 
treated  with  nitric  acid  ; 'but  notwithftanding  the  care  em- 
ployed in  this  operation,  no  oxalate  of  lime  was  found.  The 
acid  liquor  abfolutelv  contained  none  of  it.  The  fulphur 
which  remained  was  burnt  in  a  platina  crucible,  and  lett  no 
refiduum  whatever. 

HopinjT  that  this  experiment  would  fucceed  better  with  a 
l^roneer  heat,  the  fame  quantities  of  oxalate  of  potaPn  and 
fulplmr  were  employed,  and  the  mixture  was  placed  in  a 
platina  crucible  over'a  naked  fire.  Half  an  hour  after,  being 
brcuo-ht  to  a  red  heat,  it  was  taken  off,  and  the  mafs  obtained 
^vas  Ireated  with  diitillcd  water,  which  affumed  a  dark  yel- 
low colour,  and  the  real  fmell  of  an  hydrogcnated  fulphuret. 
The  liquor  was  filtered,  but  no  lime  was  found  in  the  refidu- 
nm.  This  refiduum,  which  weiehed  only  tuo  centigrammes, 
\vas  found  to  be  charcoal,  furnlfhed  in  all  probability  by  the 
potalh  employed,  which  had  been  purified  with  alcohoL  I 
aff'ured  mvfelf  that  all  the  oxalate  of  potaili  had  been  decom- 
pofed,    and   that  there   had   refulted   from  it  a  fulphate  of 

potaih . 

£r^.  IV.  They  put  oxalate  of  ammonia  into  very  pure 
oxvo-Jnated  muriate  of  potaih,  and  caufed  it  to  evaporate  at 
feveml  times,  taking  care  to  maintain  an  excefs  of  nitric 
acid  to  diffolve  the  oxalate  of  lime  which  was  formed.  In 
this  manner  a  very  large  quantity  was  obtained. 

This  fourth  experiment,  which  appears  to  be  that  which 
has  hitherto  .alvcn  to  the  above  authors  the  moft  lime,  by  the 
decompofitioii  of  the  hyper-oxvgenated  nuiriate  of  potalh, 
was  made  with  great  care,  but  always  without  fucccfs.  ^^ 
thefc  authors  do  not  fpcak  of  the  quantities  em.ployed^  I  lliall 
give  an  account  of  my  experiment. 

I  took  16  grammes  of  hvper-oxygenated  muriate  or 
potaOi,  pure  and  cryltallized,  and  8  grammes  of  oxalate  ot 
ammonia,  alfo  pure  and  crvftallizcd,  and  put  them  into  a 
porcelain  capfule,  with  two'decilitres  and  a  half  of  diftilled 
\yatcr.  The  capfule  being  placed  on  a  fand-bath^  the  mix- 
ture 
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ture  was  evaporated  to  drynefs  ;  and  towards  the  end  of  the 
evaporation  care  was  taken  to  add  a  gramme  of  nitric  acid  to 
diOblve  the  oxalate  of  Hme  which  might  be  produced.  The 
evaporation  was  repeated  four  times  fucce.ffivelv,  addingr  wa- 
ter at  each  operation,  and  a  gramme  of  nitric  acid.  The 
refiduum  was  then  taken  up  by  a  new  quantity  of  diftilled 
water,  which  completely  diirolved  the  whole  of  the  matter. 
As  there  were  fome  atoms  diifeminated  throughout  the  li- 
quor, it  was  filtered,  but  it  was  not  poflible  to  appreciate  the 
refiduum,  as  the  Hquor  was  very  clear.  The  nitric  acid  was 
faturated  with  ammonia,  to  precipitate  the  oxalate  of  lime; 
but  in  vain  was  an  excefs  added,  for  the  liquor  ftill  remained 
clear. 

The  fame  experiment  performed  cold  did  not  exhibit  more 
fuccefsfui  refuits,  though  the  mixture  remained  fifteen  davs 
in  conta«Sl,  as  recommended  by  the  authors  above  mentioned. 

Exp.  V.  The  fifth  experimient,  which  feems  to  have  con- 
firmed C.  Guy  ton  and  Deformes  in  the  opinion  thev  had 
formed  of  the  converfion  of  potafh  into  lime,  is  that  which 
they  performed  v/ith  hyper-oxygenated  muriate  of  potalh  and 
the  phofphoric  acid.  /After  treating;  a  mixture  of  2C  grammes 
of  this  fait  with  10  grammes  of  acid  till  reduced  to  glafs, 
they  difiblved  it  in  water ;  and,  having  faturated  the  excefs  of 
acid  bv  ammonia,  filtered  the  liquor,  expofed  it  to  evapora- 
tion, and  made  it  acrain  pafs  to  the  itate  of  glafs.  By  fix  dif- 
ferent evaporations,  they  obtained  two  or  three  grammes  of 
phofphate  of  lime,  as  they  believed. 

ift.  The  hyper- oxygenated  muriate  of  pot  a  (h,  decompofed 
by  the  phofphoric  acid,  obferving  the  proportions  above  an- 
nounced, produces,  by  evaporation  to  drynefs,  a  vitriform  mat- 
ter, a  part  of  which  remains  infoluble  in  the  water  under  the 
form  of  a  granulated  white  powder  brilliant  like  fait. 

2d,  The  liquor  feparated  from  the  infoluble  part  being 
again  calcined,  ftill  leaves  a  certain  quantity  of  infoluble 
powder  fimilar  to  the  former ;  a  third  calcination  produces 
the  fame  eifeA;  and  fo  in  fucccfiion,  till  the  matter  is  almoft 
entirely  converted  into  this  infoluble  powder. 

3d,  If  the  calcination  is  performed  in  a  fi:rono;  lieat,  and 
continued  a  long  time,  the  quantity  of  the  infoluble  powder 
is  more  confiderable,  and  fewer  calcinations  are  required  to 
convert  the  matter  into  this  powder. 

It  is  feen  bv  the  three  preceding  parajiraphs,  that  we  ob- 
tained a  great  deal  of  this  fait;  it  is  indeed  not  difficult  to 
procure  it.  We  (Ijail  now  defcribe  the  experiments  to  which 
we  fubjected  it,  and  which  evidently  proves  that  this  fait  is 
not  phofphate  of  lime, 

4th, 
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4th,  This  inloluble  powder  has  no  favour;  it  is  infolublc 
in  cold  water,  but  it  is  loluble  in  boiling  water  in  notable 
proportions. 

5th,  Though  this  matter  be  little  folubie  in  water,  lime- 
water  however  produces  in  the  liquor  a  very  fenfihle  precipi- 
tate. Nitrate  of  lilver  furniihes  one  alio,  which  is  folubie  in 
nitric  acid. 

6th,  Ammonia  occafions  no  change  in  the  folution  of  the 
matter  in  queftion.  As  little  eftect  is  produced  bv  the  fixed 
alkalies. 

7th,  The  oxalate  of  ammonia  made  no  alteration  in  the 
above  liquor,  which  it  would  certainly  have  done,  had  there 
been  a  fuitable  quantity  of  lime. 

8th,  This  fait  is  exceedinglv  fufible.  Bv  the  blow-pipe  it 
fufes  into  a  pearl,  tranfparent  while  in  a  Itate  of  fulion,  but 
Nvhich  on  cooling,  becomes  opake. 

9111,  This  powder  is  folubie  in  the  nitric,  muriatic,  and 
even  phofphoric  acids.  Thefe  folutions  are  thick,  vifcous, 
and  tenacious,  like  clear  ftarch.  When  thefe  folutions  are 
fufficiently  diluted  with  water,  they  give  no  precipitates  by 
alkalies ;  but,  if  concentrated,  they  give  one,  which  redilTolvcs 
in  a  large  quantity  of  water. 

From  all  thefe  experiments  we  are  authorized  to  conclude 
the  citizens  Guvtonand  Deformes  took  an  alkaline  phol'phate 
for  phofphate  of  lime.  This  phofphate,  which  is  fcarcely  fo- 
lubie, as  above  fecn,  is  not  a  limple  phofphate;  for  it  is 
known  that  the  alkaline  phoiphates  are  very  folubie,  efpecially 
that  of  potaih ;  but  it  was  not  before  known  that  in  the  ex- 
periment of  which  we  have  given  an  account  there  is  formed 
a  new  phofphate,  which  ought  to  be  diitinguiflied  by  the 
name  of  neutral  pholphate.  The  following  experiment  ferves 
alfo  to  confirm  this  rcaloning,  and  coniirms  in  an  irrevoca- 
ble manner  all  thofe  delcribed. 

I  mixed  a  certain  quantity  of  phofphate  of  potadi  with 
pure  potafh,  placed  the  mixture  in  a  platina  crucible,  and 
cxpofed  it  to  a  ftrong  heat.  I  obtained  for  refult  a  white  fub- 
Hance,  almoll  infoluble,  which  pofleiTed  all  the  properties  of 
the  fait  obtained  in  the  laft  experiment,  and  which  was  again 
alcertaint'd  to  be  a  real  phofphate  of  potafli  with  an  excels  of 
bafe.  This  kind  of  fynthelis  (till  proves  that  the  phol'phate 
of  lime  delcribed  by  the  above  authors  is  only  this  new  fait, 
which,  on  account  of  its  apparent  properties  and  infolubility, 
has  been  too  little  examined. 

Exp.  VI.  By  treating  hyper-oxygenatcd  muriate  of  foda 
ill  the  fame  manner  as  that  of  potafli^  thefe  authors  announce 

that 
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that  illev  exthicled  from  fix  grammes  of  this  fait  one  gramme 
©f  maguefia. 

To  repeat  this  experiment,  the  hyper- oxygenated  muriate 
of  foda  was  made  b\'  f^ilurating  with  oxygenated  muriatic  gas 
a  fokition  of  pure  carbonate  of  foda.  W  hen  this  fait  was 
formed,  it  was  evaporated  to  drvnefs  in  a  porcelain  capfule; 
and  6  granmies  of  it  in  this  ftate  were  put  into  a  platina  cru- 
cible, wJK'n  fufed  phofphoric  acid  was  added  in  fmall  per-  - 
tions.  l"he  mixture  immediately  became  yellow,  and  a  great 
deal  of  oxvtrenated  muriatic  acid  was  difenoag^ed,  as  was  the 
cale  m  the  experiments  made  with  oxvoenated  muriate  of 
potafh.  I  continued  to  add  phofphoric  acid  till  nothing  more 
was  difenoaged :  upon  which,  a  ftrono;  heat  being  applied, 
the  whole  mafs  became  liquid.  After  cooling  there  was 
found  a  vitreous  matter,  brittle,  fliixhtly  deliqnefcent,  and 
wlujlly  foluble  in  water.  When  the  liquor  had  become  very 
clear,  an  attempt  was  made  to  precipitate  from  it  the  maof- 
nciia,  bv  the  help  of  potafh  :  but  having  obtained  not  a  (ingle 
atom  of  precipitate,  the  experiment  u'as  repeated  feveral  times, 
but  always  without  fuccefs.  From  what  has  been  faid,  it  i^ 
evident  that  the  mafinefia  obtained  bv  the  above  authors  can 
not  have  arifen  but  from  the  foda  which  they  employed;  for 
it  is  known  that  fuda  is  very  often  accompanied  with  mag- 
nelia.  In  this  experiment,  as  in  the  fifth,  the  platina  is 
ftrongiy  attacked.  In  tv.o  trials  I  had  a  redduum  of  eifrht 
centigrammes  of  this  nictai, 

Exp,  VII.  Nitrate  of  foda  treated  by  the  phofphoric  acid 
gave  to  the  above  authors  magnefia.  I  repeated  this  experi- 
ment four  times  without  obtaining  the  fame  refult.  I  varied, 
but  in  vain,  the  dofes  of  the  fait  and  the  acid,  as  well  as  tiie 
mode  of  operation ;  but  by  employing  as  much  as  0,0 
grammes  at  a  time  of  nitrate  of  foda,  and  10  of  acid,  I  ob- 
tained only  a  blackiih  refiduum  weighing  four  centigrammes, 
which  was  found  to  be  filex  coloured  by  charcoal.  Thole 
who  recollect  the  exiftence  of  this  earth  in  the  phofphoric 
acid  difcovcrcd  bv  C.  Vauquelin,  will  be  able  to  account  for 
the  filcx  found  in  this  experiment. 

I  muft  inform  thofe  who  may  wifh  to  repeat  tliis  experi- 
ment, that  they  muft  not  employ  phofphorous  acid  for  pho!'-. 
phoric  acid ;  for  when  the  former  is  employed,  and  poured 
over  the  red  and  fufed  nitrate,  a  very  llrnng  deflagration  is 
produced,  the  matter  is  thrown  frem  the  crucible,  and  fi)eed- 
iiy  burns  every  thing  that  it  meets  with.  This  obfervaiion 
ought  to  be  recolleded  in  reoard  to  the  Experiments  5  and  6. 

E,xp,  Vni.  \n  this  eightli  experiment,  when  potalh  was 
heated   with  charcoal,   and  when  the  capfule  containing  the 

niixlure 


^5^  ^^  ^^^  Analyjis  and  Synthe^s 

mixture  was  brought  to  a  red  heat,  thev  obtained^  for  re- 
lid'.ium,  carbonate  of  potafh,  Hiiie,  magnefia,  and  even  fome 
alumine. 

Without  defcribing  all  the  fruitlefs  trials  made  to  find  the 
three  earths  produced  in  this  experiment,  T  ihall  relate  fome 
of  them,  which  prove  that  thefe  pretended  converfions  arife 
onlv  from  the  impurity  of  the  charcoal  employed. 

Having  made  choice  of  light  charcoal  from  white  wood,  it 
was  pulverized  and  (Irongly  calcined.  Sixteen  grammes  of 
pure  potafh  and  eight  grammes  of  this  calcined  charcoal 
were  then  exactly  mixed,  by  moiftening  it  with  a  little  wa- 
ter; after  which  it  was  put  into  a  platina  capfule,  and 
brought  to  a  red  heat.  The  refiduum,  after  being  edulco- 
rated with  water,  to  feparate  from  it  all  the  potadi,  was 
treated  with  nitric  acid.  The  folution,  when  filtered,  gave  by 
evaporation  a  glutinous  matter,  found  to  be  filex.  The  ni- 
trates feparated  from  this  (ilex  gave  lime  and  magnefia. 

Prefuming  that  the  charcoal  mi^ht  be  the  caufe  of  the 
prefence  of  the  lime  and  magnefia  found  in  this  experiment, 
I  thought  it  my  duty  to  alTure  myfelf  of  it  by  analyfing  that 
employed. 

I  burnt  21 5  parts  of  the  fame  charcoal  to  reduce  it  to 
afhes,  taking  care  to  employ  a  platina  crucible ;  the  aflies 
obtained  weighed  only  91  parts.  This  refiduum  was  treated 
with  the  nitric  acid.  Bv  proper  evaporations^  the  prefence  of  a 
ffreat  deal  of  carbonate  and  fulphate  of  lime  was  afcertained. 
The  produ(Sls  obtained  feparately  bv  the  common  proeefTes 
gave  filex  41,  magnefia  16,  lime  12,  alumine  3. 

For  the  fake  of  greater  precifion,  and  to  be  more  fully  con- 
vinced in  regard  to  the  exiftence  of  lime  in  the  charcoal^  as 
well  as  to  prove  that  the  lime  found  by  C.  Dcformes  arofgf 
only  from  the  charcoal  employed,  I  made  the  following  ex- 
permient : 

I  took  four  grammes  of  pure  charcoal  obtained  from  the 
decompofition  of  the  carbonic  acid  by  phofphorus,  and,  hav- 
ing mixed  it  with  18  grammes  of  pure  potadi,  put  it  into  a 
platina  capfule,  and  brought  it  to  a  red  heat^  having  pre- 
vioufly  taken  care  to  moilten  it.  The  matter  which  thence 
refulted  bejjig  treated  with  water,  there  remained  a  black  re- 
fiduum, vv'hich  was  treated  with  nitric  acid,  and  the  folution 
diluted  with  water  was  filtered.  This  nitric  folution  was 
mixed  with  oxalate  of  ammonia;  but  this  fait  produced  no 
alteration  in  the  above  liquor,  even  when  the  excefs  of  acid 
was  faturated  by  ammonia  ;  which  it  could  not  have  failed  to 
do  had  there  beert  ever  fo  little  lime,^  or  even  magnefia  and 
alumine.     This  v»ould  be  the  place  for  calling  the  reader's 

attention 
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attention  to  the  difference  of  the  phsenomena  by  pure  fub- 
Ilances  and  thofe  which  are  not  fo;  but  I  Ihall  conline  my- 
felf  to  mention  that  exhibited  by  the  experiment  in  queftion. 

When  the  pure  charcoal  is  treated  with  potaih,  as  above 
faid ;  and  when  an  acid  is  added  to  the  folution  leparated 
from  the  charcoal^  in  order  to  faturate  the  potafh,  no  other 
phrenomenon  is  obferved  than  a  difencragement  of  carbonic 
acid  gas,  which  the  potaih  has  abforbcd  during  the  courfe  of 
operation. 

But,  inftead  of  pure  charcoal,  if  that  which  we  firft  em- 
ployed be  made  ufe  of,  that  is  to  fay,  charcoal  of  white  wood  ; 
by  faturatins;  the  potafli  employed,  a  very  different  refult  will 
be  obtained.  The  acid,  as  foon  as  poured  in,  produces  a  dii- 
engagement  of  carbonic  acid.  When  a  larger  quantity  is 
added,  a  great  deal  of  fulphurated  hvdrocren  gas  is  produced; 
and  by  faturating  the  potaih  a  large  quantity  of  fulphur  is 
preci})itated.  This  again  explains  the  ftate  in  which  the  lime 
is  found,  and  perhaps  the  maonelia,  in  the  charcoal ;  for  there 
i.s  no  need  to  lay  that  the  fulphur  obtained  in  this  opcratioa 
muft  arife  from  the  fulphuric  acid  decompofed.  There  is  no 
doubt  that  the  fu'phates  of  lime  and  magneOa  contributed  to 
this  circumftance,  fince  the  quantities  of  thefe  earths  in  the 
charcoal  were  confiderable.  This  ftill  ferves  to  explain  the 
obfervation  made  by  C.  Deformes,  who  feveral  times  found 
lime,  magnefia,  and  alumine  in  the  fame  refiduum.  By  re- 
collecling  that  thefe  three  earths  exilt  in  charcoal,  it  will  be 
readily  feen  whence  they  aroie. 

Exp.  IX.  By  treating  foda  w'ith  chiarcoal  in  the  fame  man- 
ner as  the  potaih  was  treated,  the  above  authors  obtained 
magnefia,  alumine,  and  lime.  It  is  here  feen  that  this  re- 
fult is  the  fame  as  ought  to  be  given  by  common  charcoai.  f 
fhall  therefore  lay  nothing  further  refpeeting  this  experiment, 
than  merely  to  announce  that  in  treating  pure  foda  with 
pure  charcoal  (that  in  particular  arifing  from  the  decompo- 
iition  of  the  carbonic  acid),  none  of  the  above  earths  are  ob- 
tained. 

Exp.  X.  Muriate  of  potafli  treated  by  charcoal  gave  to 
Deformes  lime.  It  is  needlefs  to  obferve,  in  this  tenth  ex- 
periment, that  the  lime  arofe  from  the  charcoal;  fince,  when 
pure  matters  are  employed,  none  of  that  lubilance  is  found. 

Exp.  XI.  The  eleventh  experiment,  which,  befides  lime, 
gave  magnefia  and  aUuiiine,  will  not  give  any  ot  thefe  earths 
when  pure  charcoal  is  employed.  This  experiment  was  made 
with  muriate  of  foda  and  charcoal. 

Exp,  XIL  The  twelfth   experiment,  which  gave  exactly 
the  fame  refults  as  the  eleventh,  v/as  made  by  treating  mu- 
riate 
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riate  of  foda  with  fulpliur.  As  charcoal  had  not  been  here' 
employed,  I  took  great  care  to  repeat  this  experiment  leverjl 
times;  bat  alwavs  without  fuccefs.  I  cannot  prejume  to 
fav  what  may  have  been  the  caufe  of  the  refult  obfained  by 
the  above  authors :  it  can  be  afcribed  only  to  the  matters 
thev  emplovcd,  lince,  with  pure  muriate  of  foda  and  fubli- 
mated  fulphur,  I  could  dlfcover^  in  the  two  experiments  I 
made,  no  traces  either  of  lime,  magnefia,  or  al amine. 

Exp,  XIII.  As  the  thirteenth  experiment  is  of  no  ufe  in 
reoard  to  the  theorv  of  Guyton  and  Deformes,  it  is  needlefs 
to  oive  anv  account  of  it. 

i,'^/).  XIV.  By  mixing  fulphate  of  foda  with  lime,  thefe 
authors  thought  thev  perceived  a  diiengagemeiU  of  ammonia  : 
I  alio  thouoht  I  obferved  the  fame  difcnirao-ement  in  the  va- 
pours  produced  by  the  muriatic  acid  v.hen  brought  into  con- 
tact with  the  mixture.  Lime  alone,  though  extracted  froni 
marble,  o'ave  bv  the  fame  acid,  when  moiltened,  white  va- 
pours. I  am  not  convinced  that  this  difcngagement,  fenfible 
only  on  the  approach  of  the  muriatic  acid,  arofe  from  am- 
monia ;  for,  though  I  employed  a  large  mafs  of  matter^  I 
never  could  diftinguifli  that  alkali  by  the  imell.  The  vapours 
occalioned  by  the  muriatic  acid  were  perhaps  owing  only  to 
the  heat  produced  at  the  time  of  the  n)ixtures,  and  alio  to 
the  great  affinity  v;hlch  the  acid  employed  has  for  water. 
How,  indeed,  can  we  explain  the  formation  of  this  fubfiance 
by  the  combination  of  lime  with  pure  water?  or  how  can 
we  conceive,  if  it  is  not  formed,  that  it  can  co-exift  with 
lime,  which,  as  is  well  known,  pofielles  the  property  of  ex- 
pellins:  ammonia  wherever  it  is  found  ? 

Exi.  XV,  In  the  fifteenth  experiment,  thefe  autliors 
thoutrht  alio  that  thev  remarked  a  dlfengagement  of  am- 
monia, by  combining  intimately  together  lime,  fulphur,  and 
water. 

Exp,  X\'I.  The  (ixteenth  experiment  makes  mention  of 
an  analoL'"ous  trial  as  fimple  as  the  preceding.  In  my  opi- 
nion, the  explanation  of  thefe  experiments  will  be  fufficiently 
deveK>ped  in  the  eiirhtcenth  experiment,  linee  it  is  that  which, 
according  to  theie  authors,  gave  a  great  deal  of  ammonia. 

E,xp.  XVII.  Bv  this  experiment  the  above  authors,  inliead 
of  decompofmg  the  lime,  attempted  to  compofe  it.  The  pro- 
ceflcs  which  they  emploved  for  this  purpofe  were  as  follow  : 

They  formed  nitrate  of  alumine,  which  they  decompofed^ 
at  fcveral  times,  bv  heat :  by  this  fimple  means  they  obtained 
lime. 

Kitrate  of  magnefia  was  employed  with  the  fame  fuccefs. 

After  having  carefully  prepared  the  two  nitrates_,  which 
6  '  they 
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they  made  ufe  of  for  this  compofition,  I  took  twenty  grammes 
of  the  nitrate  of  akimine^  and  expofed  it  to  a  ftrong  heat  in  a 
platina  crucible.  After  three  different  and  ftrong  evapora- 
tions to  drvnefs,  I  obtained  an  earth  perfectly  white^  and 
infoluble  in  water.  When  treated  with  nitric  acid,  it  was 
entirely  diliblved.  This  nitric  liquor,  which  was  very  clear, 
was  mixed  with  oxalate  of  ammonia;  but  this  re-agent  pro- 
duced no  change.  The  addition  of  ammonia,  fo  as  to  faturate 
the  acid,  was  tried_,  but  in  vain ;  it  was  only  by  an  excefs 
that  a  precipitate  was  obtained,  but  which,  beinsf  foluble  in 
potafh,  was  found  to  be  alumine;  confequently  I  did  notiind 
an  atom  of  hme.  It  is  true,  that  to  prepare  my  nitrate  of 
alumine  I  employed  an  earth  perfectly  pure,  extracted  from 
a  natural  (tone  at  the  time  of  my  experiments  on  the  affinity 
of  earths.     The  acid  employed  was  alfo  very  pure. 

The  nitrate  of  magnefia,  notv/ithftanding  all  my  care,  did 
not  give  a  more  fatisfaclory  refult:  the  lime  found  by  De5- 
ormes  was,  no  doubt,  accidental. 

Exp,  XVIII.  This  experiment,  which  calls  to  mind  the 
14th,  15th,  and  i6th,  on  account  of  the  fame  phsenomenon 
by  which  they  are  connected,  is  that  which  increaled  the 
opinion  of  the  above  authors  on  the  recompofition  of  fimple 
earths.  Having  inftantaneoufly  made  fulphuret  of  potalh, 
and  added  oxalic  acid,  they  obtained,  as  they  announce,  a 
fenlible  difengagement  of  ammonia  inftead  of  fulphurated 
hydrooen,  and  the  reliduum  was  mascnefia. 

After  making  two  trials  in  a  porcelain  mortar  without 
difcovering  ammonia,  but  a  product  extrem.cly  fetid,  which 
I  fufpeCted  might  conceal  the  alkali  I  fought  for,  to  affure 
xm'felf  of  it  I  made  the  following  experiments  : 

I  ft,  I  mixed  30  grammes  of  pure  potafn  with  15  grammes 
of  fublimated  fulphur,  and  the  mixture  exactly  made  was  put 
into  a  tubulated  retort  with  two  decilitres  of  water.  To  the 
beak  of  the  retort  I  adapted  a  bent  tube,  which  was  immerfed 
in  a  folution  of  fulphate  of  iron  at  its  maximum  of  oxidation. 
By  the  difpofition  of  my  experiment  it  is  feen  that  I  muft 
iiave  perceived  the  fmalleft  portion  of  ammonia;  for  it  is 
known,  that  if  the  fulphurated  hvdrogen  does  not  precipitate 
the  fulphate  of  iron  green,  an  atom  of  this  gas  combined 
with  ammonia  will  immediately  manifeft  itfelf.  INly  appa- 
ratus being  thus  arranged,  I  poured  into  the  retort  fix  oTam- 
mes  of  pure  and  crvLlallized  oxalic  acid.  A  ftrono-  difen- 
gagement of  fulphurated  hvdrogen  was  immediately  pro- 
duced ;  the  flalk  containing  the  fulphate  of  iron  was  agi- 
tated a  long  time  by  this  o-afeous  fluid  ;  but  v.hcn  the  opera- 
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tion  was  finiOied  there  was  not  a  finixlc  atom  of  precipitate 
produced  in  the  liquor.  This  experiment,  which  I  think 
one  of  the  moft  exacl  for  afcertaining  the  anmionia  that 
might  have  exifted  or  been  produced  in  this  operation,  evi- 
dently proves,  that  if  the  above  authors  obtained  anv,  this 
alkali  muft  have  arifeji  from  fome  other  caufe  than  that  of  a 
decompofition  of  the  fubftanccs  en.-ploved,  if  they  were  pure. 
The  refiduum  examined  in  three  ope-rations  o;ave  no  mao;- 
nefia.  I  mud  here  obferve  that  I  employed  fulphur,  which 
I  fublimated  mylelf. 

To  reinove  all  doubt  refpectinj};  this  experiment,  and  to  be 
more  certain  of  my  refults^  I  made  a  lecond,  but  (till  without 
fuccefs. 

The  apparatus  being  arranged  as  in  the  preceding  experi- 
ment, I  put  in  the  place  of  the  fulphate  of  iron  muriatic 
acid,  and  began  my  operation.  Afcer  all  difenjrasfement  had 
ceafed,  I  took  the  muriatic  acid,  which  1  evaporated  at  a 
gentle  heat;  but,  not  being  able  to  obtain  an  atom  of  faline 
refiduum,  I  poured  lime  -mto  the  fmall  quantity  of  liquor 
which  remained.  I  added  more  than  was  necelTary,  but 
notwithftanding  all  my  precautions  I  had  no  difengao-ement 
of  ammonia.  It  is  now  feen,  by  thefe  two  experiments,  that 
no  difengagement  of  ammonia  is  produced;  for,  I  muft  re- 
peat it,  muriate  of  ammonia  would  have  been  formed  in  the 
laft,  and  in  the  firft  iron  would  have  been  precipitated  :  no-  ' 
thing  is  difengaged  but  fulphurated  hydrogen  gas  in  ver^^  large 
quantity,  and  the  refiduum  contains  no  magnefia. 

Exp.  XIX.  This  laft  experiment  the  above  authors  made 
by  taking  the  charcoal  of  fuear,  which  they  mixed  with  lime 
extrafted  from  marble :  this  mixture  being  expofed  to  a 
ftrong  heat  in  a  platina  crucible  well  flopped,  they  obtained 
alumine  and  magnefia. 

As  they  do  not  give  the  proportions  of  the  matters  em- 
ployed in  this  experiment,  nor  the  quantities  of  the  products 
obtained,  I  prefume  that  they  confidered  it  only  as  a  new 
proof  in  favour  of  the  theory  they  have  eftabliflied. 

I  repeated  this  experiment,  and  employed  charcoal  of 
fugar  and  pure  charcoal.  With  the  charcoal  produced  from 
40  grammes  of  crvftallized  fugar,  I  obtained  a  little  alumine: 
the  product  collected  weighed  only  fix  centigrammes;  per- 
haps it  contained  magnefia.  In  my  fecond  operation,  when 
I  employed  pure  charcoal,  I  had  not  a  fingle  atom  of  the 
above-mentioned  earths :  it  is  therefore  {tQW  that  the  pro- 
ducts obtained  in  this  experiment  arofe  from  the  impurity  of 
the  matters  employed. 
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Conclujion, 

it  the  experiments  I  have  defcrlbed  in  the  courfe  of  this 
memoir  are  exacl,  and  if  I  have  properly  obferved  the  phae- 
nomena  they  exhibited,  the  refaU  will  be,  that  the  facts  an- 
nounced by  C.  Guvton  and  Deformes,  though  for  the  mod 
part  true,  cannot  lead  to  the  conclufions  whk-h  they  have 
deduced  from  them,  on  account  of  the  nature  of  the  fub- 
ftances  which  thev  employed :  we  muft  therefore  conclude, 
till  otherwife  (liown,  that  the  alkalies  and  earths  muft  be 
retained  in  the  clafs  of  limple  or  indecompofed  bodies;  that 
tlie  experiments  of  thefe  chemifts  do  not  prove  that  potafti 
is  formed  of  lime  and  hvdros^en  ',  that  magnefia  and  azote 
produce  lime;  that  azoted  alumine  conftitutes  magnefia; 
and,  in  the  laft  place,  that  magnefia  and  hydrogen  give  birth 
to  foda.  I  do  nor,  however,  pretend  that  thefe  iubftances 
are  fimple,  but  only  that  the  facls  adduced  as  a  proof  are  not 
proper  to  prove  it. 


LVII.    Extract  of  a   Letter  from  M.  VoN  Humboldt 

to  La  lande. 

ACaraccas,  Dec.  14,  1799. 
FEW  weeks  after  my  arrival  in  South  America,  I 
tranfmitted  to  Delambre  an  extract  from  my  aftronomical 
obfervations,  becaufe  I  hoped  that  fome  of  them  might  be 
interefting  to  the  Board  of  Longitude  :  as  I  have,  however, 
learned  that  the  brig  by  which  I  fent  my  letters  was  wrecked 
near  Guadaloupe  during  the  ftorm  which  lately  prevailed  in 
thefe  regions^  I  think  it  necefifary  to  tranfmit  to  you  a  copy 
of  them. 

After  a  pafiTage  of  about  fix  weeks,  in  the  frigate  Pizarro, 
I  arrived  at  the  coaft  of  Paria.  Mv  plan  was  to  proceed  firft 
to  the  Havannah,  and  thence  to  Mexico;  but  I  could  not 
withftand  the  ftrong  defire  I  had  of  feeing;  the  wonders  of  the 
Oronoko,  and  the  lofty  Cordilleras,  which  extend  from  the 
hic![h  land  of  Quito  to  the  rivers  of  Guarapeche  and  Arco. 
As  I  have  now  returned  from  a  very  interefting  journey  to 
the  interior  of  Paria,  through  the  Cordilleras  of  Cocolar,  Tu- 
meri,  and  Guiri,  and  to  the  fettlement  thereof  the  Capuchins, 
never  before  vifited  by  any  naturalift,  during  which  f  carried 
with  me,  on  three  mules,  mv  aftronomical  inftruments,  viz. 
a  quadrant  by  Bird,  and  fextants,  telefcopes,  and  micrume- 
ters,  by  Ramfdcn  and  Troughton,  you  will  perhaps  expect 
that  T  have  done  a  great  deal  for  aftronomy ;  but  you  know 
that  this  fcience  is  too  remote  from  my  principal  obje6ts — • 
philofophy  in  general,  g^o'^^gy?  eudiometry,  and  the  phyfi- 
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ologv  of  plants  and  animals ;  and  under  the  latitude  of  lo^ 
it  is  impoffible  to  labour  fo  inceflantly  as  under  49°.  I  chofe 
rather  to  make  a  few  obfervations  with  accuracv,  than  a  great 
manv  imperfe6l  ones;  and  to  infert  them  with  great  minute- 
iiefs  in  my  journals^  that^  in  cafe  I  fhould  die  in  the  courfe 
of  my  travels,  no  doubt  might  remain  in  regard  to  their 
exaftnefs. 

In  the  two  papers  which  I  tranfmitted  to  Delambre,  you 
will  find  my  obfervations  made  in  Europe  with  Borda's  new 
inclinatorium.  I  found  bv  it,  that  local  circumftances  have 
a  grreater  influence  on  the  inclination  of  the  magnetic  needle 
than  on  its  declination;  and  that  no  connection  feenis  to 
exift  between  the  fituation  of  the  place  of  obfervation  ar.d  the 
inclination.  This  I  find  confirmed  in  the  new  world  in  the 
interior  of  New  Andalufia,  and  therefore  the  obfervations 
made  bv  Nouet  in  Egypt  feem  to  be  eftabliflied.  The  de- 
clination, however,  is  affe6led  by  local  caufes,  but  much  lefs  : 
at  fea  they  are  much  more  regular,  and  the  variations  are 
much  more  uniform. 

I  have  here  given  you  my  obfervations  of  the  inclination 
only,  which  are  true  to  15'.  During  calms  I  obtained  them 
at  fea  with  more  accuracy,  and  the  periods  of  the  vibrations 
of  the  needle  could  be  determined  very  exaClly.  If  the  fame 
number  is  counted  in  the  fame  time  during  five  or  fix  repeated 
trials,  and  if  this  is  fi:ill  the  cafe  when  the  inflrument  is 
moved  from  its  place,  the  refults,  in  my  opinion,  may  be 
confidered  as  corre6l.  Though  calms  are  not  uncommon 
between  the  tropics,  during  the  courfe  of  forty  days  I  was 
able  to  make  only  ten  very  accurate  obfervations. 
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18 
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58 
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In  the  year  1776,  according  to  Cavallo,  the  inclination  of 
the  needle  in  the  undermentioned  latitudes  and  longitudes 
was  as  follows  : 


Latitude. 

Longitude. 

Inclination. 

24°   24' 

18^   11^ 

59° 

JO 

22     52 

44    12 

0 

37    3^ 

30     3 

Since  Coulonib  and  Caflini  no  longer  emplov  themfelves 
with  obferving  the  declination,  I  know  no  place  in  the  earth 
where  the  declination  has  been  determined  with  certainty  to 
10'',  and  not  ten  where  it  ha?^  been  determined  to  \\  What 
uncertainty  itill  prevails  refpecting  the  real  declination  of  the 
needle  at  Paris  !  The  ten  obfervations  which  I  made  at  fea, 
will  ferve  hereafter  to  determine  whether  the  inclination 
Ipeedilv  changes.  The  longitude  and  latitude  of  the  places 
of  obfervation  w^ere  always  accurately  determined  at  the  time 
by  means  of  a  Ramfden's  fextant,  divided  from  15  to  15  fe- 
cond? ;  and  a  Berthoud's  chronometer.  You  will  fee  bv 
them  that  the  inclination  dccreafes  yery  rapidly  from  the 
latitude  of  37^,  and  that  it  increafes  lets  towards  the  eail 
than  to  the  weft  from  the  latitude  of  37^  to  48^. 

It  appears  to  me,  that  in  the  higher  chain  of  the  calca- 
reous mountains  of  this  province,  not  far  from  the  equator, 
Imall  elevations  above  the  level  of  the  fea  derange  the  in- 
clination much  more  ftronglv  than  the  higher  mountains  in 
the  Pyrenees  and  Old  Caftile.  As  a  proof,  I  fliall  here 
give  obfervations  made-  at  four  places  which  lie  pretty  nearly 
in  an  arch  from  north  to  fouth  (comprehending  24'.) 


Places. 


Hcizht  above 


Inciination. 


die  Sea,  Paris  1  Centigrade 
Feet.         j   Degrees. 


Old 

Drerees, 


Vibrations  in 
Ten  Minutes. 


Cum  ana 

Zueteppe 

Impollibile 

Cumanacoa 

Cocoilar 


24 
I r 11*2 
1470- 
635 

^i5^ 


44' 20" 

43 '3^ 
43-^5 
43' 20 
42-60 


39^  47' 
3«   58 
38  50 

38  5^ 

■^S   20 


229 

229 

228 
229 


Bordais  of  opinion,  as  appears  bv  the  memorandum  drawa 
up  for  the  men  of  fcience  who  accompanied  La  Peroufe,  that 
the  intenfity  of  the  magnetic  power  is.  the  fame  all  over  the 
earth;  as  he  afcribes  the  fmall  variation  which  he  found  ia 
it  at  Cadiz,  Teneritf,  and  Breft,  to  the  imperfeeiion  of  the 
compafs.    lie  requeRed  me  to  verify  this  circumllance.   You 
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here  fee  that  the  magnetic  power  is  fo  different,  that  hetween 
Paris  and  Cumana  it  decreaied  from  245  to  229  vibrations  in 
ten  minutes,  though  it  does  not  decreafe  with  the  incHna* 
tion.  This  decreafe  cannot  certainly  be  afcribed  to  any 
change  in  the  goodnefs  of  the  needle,  or  to  other  accidental 
caufes :  for  the  fame  needle  made  in  the  fame  time  at  Paris 
2^5  vibrations;  at  Girona,  232;  at  Barcelona,  245;  at  Va- 
leutia,  235  ;  and,  after  a  journey  of  feveral  months,  gave  at 
the  fame  places  exa6lly  the  fime  number  of  vibrations  as 
before  my  departure.  Thefe  are  always  the  fame,  in  the 
open  fields,  in  the  houfe,  or  in  a  cavern,  fo  that  the  mag- 
netic power  in  any  place  is  alwavs  the  fame,  and  remains  a 
long  time  without  change;  and  feems  to  be  a  general  power, 
like  that  of  gravitv. 

I  had  the  mortification  of  not  being  able  at  fea  to  make 
anv  good  obfervations  of  the  declination.  Notwithftanding 
all  the  trouble  T  took,  I  could  not  find  an  azimuth  compafs 
on  which  I  could  depend  within  40'.  This  is  the  true  reafon 
why  I  have  made  no  mention  to  you  of  the  declination  at 
fea.  The  point,  however,  where  the  inclination  vanifhcs, 
certainly  lies  further  to  the  weft  than  marked  in  Lambert's 
chart,  in  the  Berlin  aftronomical  almanac  for  1779.  A  good 
cbfervation,  made  in  the  year  1775  aboard  an  Englifli  {hip 
from  Liverpool,  places  this  vanifning  point  in  latitude  29^ 
north,  long.  66^  40'  weft.  I  obferved,  with  great  care,  the 
declination  at  two  places  on  the  coaft  of  America  with  a 
compafs  by  Lenoir,  in  which  the  needle  is  fufpended  bv  a 
thread,  according  to  the  method  of  Prony  and  Von  Zach. 
At  noon,  Oclober  1799,  it  was  at  Cumana,  and  twenty 
leagues  further  eaft,  4-' J3' 45'^  eaft :  at  Caripe,  the  chief 
place  of  the  Capuchin  million  among  the  Chaimas  and 
Caribs,  3^  15'  eaft. 

During  the  earthquake  at  Cumana,  on  the  4th  of  No- 
vember 1799,  the  inclination  of  the  magnetic  needle  was 
altered,  but  not  the  declination.  The  former,  before  the 
iliock,  was  44°'20  of  the  new  divilion ;  after  the  f!iock  it 
remained  at  43" '35.  The  number  of  the  vibrations  of  the 
dipping  needle,  however,  was  the  fame  as  before,  viz.  229  in 
ten  minutes.  This,  united  to  other  obfervations,  feems  in  my 
opinion  to  prove,  that  during  the  earthquake  this  fmall  part 
of  the  ball  of  the  earth  was  changed,  and  not  the  needle; 
tor,  in  diftrifts  where  no  figns  of  an  earthquake  ever  appeared 
in  the  primitive  chain  of  accumulated  malfes  of  granite,  the 
inclination  was  as  great  after  as  before. 

On  account  of  the  intereft  which  you  take  in  every  thing 
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that  relates  to  navig-ation,  the  following  obiervations  will  not 
be  unacceptable. 

I  have  carehilly  proved  what  Dr.  Franklin  and  Captain 
Jonathan  Williams  aliert  in  the  TranfaCtions  of  the  American 
Society  *  refpectins:  the  ufe  of  the  thermometer  for  difco- 
vering  fliallow-  at  lea;  and  am  able  to  confirm,  in  the  fulleft 
manner,  what  tliey  have  laid.  I  was  aftoniflied  to  fee  how 
the  water  became  evidently  colder  as  its  depth  decreafed.  and 
how  the  neighbourhood  of  fliallows,  and  of  the  coafts,  could 
thereby  be  announced.  The  worft  fpirit  of  wine  thermo- 
meter, if  only  feniible,  will  therefore,  in  the  hands  of  the 
moft  ignorant  marirer,  be  a  very  ufeful  inftrument  in  the 
night-time,  and  during  ftorms^  or  when  it  is  difficult  or 
impoffible  to  heave  the  lead.  This  obfervation  I  cannot  too 
flronolv  recommend  to  the  attention  of  the  Board  of  Longi- 
tude. Our  whole  crew  were  altoniilied  to  fee  how  fpeedily 
the  thermometer  fell,  when  we  approached  the  large  bank 
which  extends  from  Tobago  to  Grenada,  and  eaft  from  Mar- 
garita. Thefe  ol^fervations  mav  be  made  with  more  eafe,  as 
the  water  of  the  fea,  in  an  extent  of  12000  fquare  miles,  has 
always  the  fame  temperature  day  and  night;  fo  that  the  molt 
feniible  thermometer^  during  from  four  to  fix  days  fail,  does 
not  rife  or  fall  above  0*3°.  In  the  neighbourhood  of  ihal- 
lows  it  was  from  2  to  3  degrees,  and  more,  colder.  •  This 
obfervation  of  Franklin,  hitherto  forgotten,  may  at  fome 
period  be  of  ^reat  ufe  to  navigation;  not  that  feamen  (hould 
throw  afide  tfie  lead  entirely,  and  truft  to  the  thermometer, 
f)r  this  would  be  folly;  but  becaufe  the  obfervations  may  be 
fo  eafily  repeated,  and  becaufe  the  thermometer  will  an- 
nounce the  danger  much  fooner  than  tlie  lead,  as  the  colder 
water  above  the  lliallows  leffens  the  temperature  in  the  water 
in  the  neichbourhood.  I  can  afifert  that  this  new  mean  is 
not  more  uncertain  than  the  log,  and  the  helps  already  em- 
ployed in  navio'ation.  If  the  thermometer  does  not  fldl,  na- 
vigators ought  not  to  depend  that  they  are  entirely  fecure 
from  fliallows;  but  if  it  falls,  they  muft  be  on  their  guard. 
This  warning  is  certainly  more  valuable  than  our  fea  charts, 
where  the  fliallows  are  in  general  laid  down  in  a  very  in- 
correct manner;  and  to  immerfe  a  thermometer  in  a  bucket 
filled  with  fea  water  is  certainly  much  eafier.  I  have  alfo 
meafured  feveral  times  the  fpecific  gravity  and  temperature  of 
the  fea  water,  at  the  furface  and  at  certain  depths,  by  means 
•of  Dollond's  balance  and  thermometers,  which  are  placed  in 
cafes  furnifiied  wiih  a  valve.  As  my  inftruments  were  com- 
pared with  the  bcU  Parifian  ones,  and  as  1  could  be  more 
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certain  in  regard  to  my  longitudes  than  is  ufual,  the  fmall 
chart  in  which  I  intend  to  make  known  the  refult  of  thefe 
experiments  will  be  interefting.  In  the  latitude  of  17°  and 
18°  north,  there  is  a  zone  in  the  fea  between  Africa  and  the 
Weft  Indies,  where,  wilhout  an  extraordinary  current  pre- 
vailincr,  the  water  is  denfer  than  under  a  lefs  latitude.  The 
following  are  fome  of  my  refults  refpeftmg  the  temperature 
of  the  fea  water ; 


Long,  from 

Temperature 

North  Lat. 

the  Firft 
Meridian. 

of  the  Sea  Water 
at  the  Surface. 

of  the  Air. 

43°  29' 
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3    41-5 

12 

13 

3^     3 
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32 

14 
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13 

16.5 
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13*5 

30    35 

3      6 

15 

16 

28    S5 
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15 

17 
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16 

15 
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8    33  W. 

17 

16 
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17 
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17*9 

19 

17    16 

15    26 

j8 

i5 
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i8-5 

20 

14   57 

24   40 

19 

17 

^3    51 

30     2-5 

19-8 

1 8*9 

10    46 

41    24 

20*7 

20-3 

10    28 

4^     31 

21 

17  to  27 

10    29 

[4^     35 

17-8 

23 

This  letter  was  written  at  Cumana,  but  for  want  of  a 
proper  opportunity  1  was  obliged  to  bring  it  with  me  to  this 
large  capital  of  the  province  of  Caraccas,  which  is  fituated 
in  a  fertile  valley  abounding  with  cacao,  cotton,  and  coifee, 
2400  feet  above  the  level  of  the  fea,  and  in  a  climate  per- 
fedlly  fmiilar  to  that  of  Europe.  The  thermometer  in  the 
night-time  falls  to  11°,  and  in  the  day  never  rifes  above  17° 
or°i8". 

The  cloudy  weather,  which  here  daily  follows  the  fun's 
paflage  over  the  meridian,  makes  the  obfervation  of  corre- 
fponding  altitudes  very  difficult  and  uncertain,  as  the  ai''>^r- 
noon  obfervation  is  often  loft.  The  cloudy  weather  after  the 
earthquake  ofCumana  deprived  me  of  an  opportunity  ofob- 
ferving  the  immerfions  of  the  fecond  fatellite  of  Jupiter  on 
the  2d  and  9th  of  November.   I  fhall  here  give  you  the  prin-^ 

cinal 
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cipal  determinations  of  the  longitude,  which  T  made  bv  means 
^f  Berthoud's  chronometer,  from  the  obferved  horary  anp-ies. 
Cumana,  caftle  of  St.  Antonio,  lat.  lo"^  27^  37^'  Long.  weit. 

and  (taking  the  long,  of  Madrid  at  13°  58^      46°  31'' 
Puerto  Efpana,  in  the  ifland  of  Trinidad  43    49   30'^ 

Tobago,  the  eaQern  extremity  -  4;Z    47   30 

Macanao,  the  weft  pari  of  the  ifland  St.  Margarita  46   o,^  30 
Punto  Arava,  in  New  Andalufia  -  46   35   30 

Ifland  of  Coche.  eaftern  extremity  -  46    12 

Bocca  de  Drago  (not  certain)  -  44   23 

Cabo  de  tres  Puntas  -  -  44   54  3^ 

Caraccas  a  la  Trinite  lo""  3!'  4^'  latitude^  very  good, 

I  fhall  here  alfo  mention,  that  neither  wind,  ftorms,  nor 
the  earthquake,  have  had  the  leaft  influence  on  the  regular 
dailv  variation  in  the  (late  of  the  barometer;  and  that,  ac- 
cording to  C.  Richard,  this  daily  variation  amounts  at  Su- 
rinam to  two  lines.  * 

Thefe  obfervations  are  the  more  intereftinof,  as  all  the  charts 
of  this  part  of  the  world  are  very  incorrect ;  and  the  agree- 
ment of  my  longitude  of  Teneriff  and  Tobago,  with  the  ob- 
fervations of  Borda  and  Chabert,  within  from  2"  to  ^"  of 
time,  is  a  proof  of  the  excellence  of  my  chronometers. 

The  ferenitv  of  the  nights  between  the  tropics  gave  me  an 
opportunity  of  comparing  with  each  other  the  ftrength  of  the 
light  of  the  auftral  liars;  which  in  fome  of  them,  fuch  as 
the  Crane,  Altar,  Toucan,  and  the  Foot  of  the  Centaur,  feems 
to  have  changed  fince  the  time  of  La  Caille.  I  employed 
the  method  propofed  by  Dr.  HerTchel,  and  diaphrairms  of 
the  fame  kind  as  thofe  ufed  for  the  fatellites.  If  the  lio;ht  of 
Sirius  be  fuppofed  equal  to  ico  parts,  and  that  of  Procyon  88.. 
the  light  of  the  following  ftars^  according  to  my  obfervations^, 
are  as  below  expreiTed. 


Pan^. 

Part^. 

Canopus 

98 

a  in  the  Phoenix 

-     65 

a  in  the  Centaur 

-          96 

a  in  the  Peacock 

-       7« 

Acharnar 

94 

a  in  the  Crane 

-       8i 

a  in  the  Indian 

50 

& 

-      75 

B          - 

47 

7              -             - 

-      ,5S 

a  in  the  Toucan 

TO 
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LVIII.  Defer ipiio7i  of  a  portable  Barometer.  By  Dr.  J.  GuE- 
RIN,  ojAi'igiion^  ProfeJJor  of  Natural  Hijiory  hi  the  Cen- 
tral School  of  Vauclufe^  and  ^iemher  offeveral  Societies  *. 


N, 


O  philofophical  inftruments  are  fo  varied  in  their  con- 
ilruftion  as  barometers,  and  efpecially  the  portable^ ones.  But 
if  the  latter  leave  no  room  for  improvement  in  regard  to  ex~ 
a6lnefs,  they  are  exceedingly  complex,  and  liable  to  be  de- 
ranped;  fo  that  travellers  are  often  obliged  to  renounce  the 
obfervations  they  depended  on  making  during  the  courfe  of 
their  journeys. 

It  is  verv  rare  that  the  beft  barometers  are  not  either  de- 
ranged or  broken  in  the  courfe  of  a  long  journey.  Nothing 
however  but  a  violent  fall  can  break  the  one  which  I  am  about 
to  defcribe.  It  may  be  tranfported^  on  any  carriage,  and  along 
the  worit  roads,  provided  care  be  taken  to  keep  it  inverted; 
that  is,  with  the  cup  uppermoft.  Naturallfts  who  travel  flood 
in  need  of  this  fimple  inflrument,  the  only  barometer  really 
portable  being  that  of  Deluc,  the  conftruction  of  which  is 
more  difficult;  and  which,  in  regard  to  obfervation,  is  liable 
to  inconveniences  which  in  mine  I  have  endeavoured  to 
avoid. 

I  fhall  fay  nothing  of  a  great  number  of  other  barometers 
more  or  iefs  complex,  as  well  as  defeftive,  and  in  general  in- 
convenient for  tranfportation.  They  all  have  faults,  which 
it  would  be  too  tedious  to  enumerate.  It  has  been  propofed 
to  ufe  for  this  purpofe  iron  tubes  with  glafs  tubes  cemented 
to  them;  but  it  has  not  been  remarked  that  the  mercury  at 
length  oxidates,  lofes  its  brilliancy,  and  adheres  partially  to 
the  tube. 

My  barometer,  the  fimpleft  pofllble,  will  be  attended  with 
this  advantacfc,  that  it  can  be  procured  at  a  moderate  price. 
The  defcription  of  it  is  as  follows:  A,  B,  C,  (Plate  IX, 
fig.  2.)  is  a  glafs  tube  about  33  inches  in  length,  bent  from 
B  to  C  in  fuch  a  manner  as  to  leave  the  diltance  of  an  inch 
between  its  branches. 

D  is  a  (top-cock,  made  of  iron,  ivory,  box-wood,  or  any 
other  fubftancenot  fufceptible  of  being  attacked  by  mercury, 
and  which  ferves  for  intercepting  at  pleafure  its  pafTage  into 
the  cup.  Box-wood,  dipped  in  boiling  wax,  appears  to  me  very 
proper  for  making  a  good  Itop-cock,  as  it  can  permit  the  mer- 
cury to  pafs  between  the  cock  and  its  kev-lfopper  (if  the  mer- 
cury contained  in  the  tube  fliould  dilate  too  much),  without 

*  From  the  Jourr.al  dc  Pbjf.que,  Frimaire  an.  10. 

fuffering 
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filtering  It  to  efcape  when  it  doe«:  not  dilate.  Ivory  ftop-cocks 
arc  attended  with  the  fame  advantage.  E  is  a  cylindric  cup, 
the  diameter  of  which  muft  be  known;  about  an  inch  ap- 
pears to  me  to  be  the  moft  convenient  dmienfion  for  a  baro- 
nieierof  this  kind. 

F  is  a  piece  of  fbamov  leather  with  which  the  cup  is  co- 
vered. It  permits  the  air  to  exercife  an  a6lion  on  the  mer- 
curv,  and  prevents  it  from  efcaping  when  the  mftrument  ia 
carried. 

After  havins  boiled  the  mercury  in  the  tube^  the  cock  and 
cup  muft  be  cemented  at  the  interior  bending.  A  little  mer-» 
cury  is  then  to  be  added,  that  it  may  float  above  the  (lop- 
cock,  when  it  is  (hut  after  the  inftrument  has  been  inclined. 

It  may  readily  be  conceived  that  the  interior  diameter  of 
the  long  iube,  and  that  of  the  cup,  being  known,  the  greated 
preci(ion  may  be  obtained  when  they  are  perfe6tly  cyhndric  ; 
for,  the  diameter  of  the  two  cylinders  being  known,  the  ratio 
of  their  folidity  may  be  known  * . 

Thofe  who  wifli  to  avoid  the  trouble  of  this  (liort  calcula- 
tion may  cement  to  the  ftop-cock  a  very  large  cup;  and 
then  the  error  occa(ioned  by  the  elevation  of  the  level  of  the 
mercury  will  be  a  very  fmall  fraction  of  a  line,  even  if  the 
barometer  (liould  defcend  feveral  inches. 

In  cafe  it  may  not  be  thought  proper  to  adapt  to  the  (top- 
cock  a  large  cup,  which  would  render  the  barometer  much 
heavier^  nothino;  will  be  necelTary  but  to  meafure  the  height 
of  the  mercury  above  the  line  of  the  level,  and  to  fubtra-^  it 
from  that  of  the  mercury  in  the  long  tube.  Let  us  fuppofe, 
for  example,  that  the  barometer  marks  23  in.  6  lin.  and  that 
the  mercurv  in  the  tube  is  elevated  only  one  line;  the  re- 
mainder will  be  23  in.  5  lin.  for  the  height  of  the  mercury. 

By  takincr  a  view  of  the  height  of  the  barometer,  without 
making  the^leaft  calculation,  it  will  be  eafy  to  devife  how  the 
fcale  may  be  graduated  fo  as  to  make  this  correction  neodlefs. 

A  noriius,  to  indicate  the  -,\,th  or  even  T5cth  of  a  line  may 
be  adapted  to  this  in(lrument;  but  the  variations  in  the  up- 
per Itrata  of  the  atmolphere  are  too  well  known  to  adnnt  of 
our  having  recourfe  to  fo  exaft  a  graduation  in  the  meafuring 
of  heights.  Ought  we  not  to  confider  as  very  correal  a  baro- 
meter that  indicates  -'-,  th  of  a  line  ?  The  errors  in  the  meafure- 

*  Let  us  fjppofe  that  the  diatncrer  of  the  baro  trie  tube  is  two  lines, 
and  that  of  the  cup  twelve,  the  rdcenfiru  of  the  mercury  in  the  cup  wU  bi 
to  the  depreliiun  of  that  in  the  tube  as  the  fquare  of  the  lurfaces ;  which 
in  this  cafe  is  as  a  to  144.4  or  i  to  36.  When  the  barometer  indicates 
25  inche<;,  we  muft  thenfubtra^l  from  that  height  i-36th,  that  is  10  fay,  a 
Uae,  unci  we  (hail  have  the  real  height.  24  inches  li  lines. 

ment 
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iriciit  of  great  heights  arife  rather  from  the  unequal  denfitleg 
of  the  ftrata  of  the  atmofphere,  and  the  attraction  of  the  mcr- 
curv  in  the  tube,  than  from  defedis  in  the  fubdivifion.  A  ba- 
rometer will  always  be  pretty  good,  if  the  mercury  it  contains 
is  well  puriiied  and  dry;  and  if  it  has  been  boiled  in  the 
tube  ;  if  the  tube  is  at  leaft  |ths  of  a  line  in  diameter  ;  if^  by  a 
proper  conftru6lion,  the  air  is  prevented  from  introducing  it- 
ielf  into  it,  notwithftanding  the  agitation  it  is  expofed  to  in 
the  courfe  of  a  long  journey  ;  and^  in  particular,  if  the  inter- 
val between  the  furface  of  the  mercury  contained  in  the  tub« 
and  that  in  the  cup  can  be  exactly  meafured. 

This  barometer  differs  very  little  from  that  of  Deluc  ;  but 
it  is  much  fimpler  in  the  conftru6lion,  and  lefs  expenfive. 
The  cup  which  I  have  fubftituted  for  the  tube,  covered  with 
leather,  ferves  to  retain  a  little  mercury  in  the  refervoir,  that 
no  vacuum  may  remain  between  the  (lop-cock  and  the  bend- 
ing, when  the  barometer  is  inclined  for  the  purpofe  of  being 
tranfportcd.  As  it  is  not  deep,  and  has  a  cylindric  form,  it 
may  be  eafily  cleaned  in  cafe  the  metal  fliould  become  oxi- 
dated. Deluc  acknowledges  that  his  barometer  is  inconve- 
nient for  daily  obfervation.  The  one  here  defcribed  has  not 
the  fanic  fault.  It  is  both  portable  and  fit  for  the  clofet.  I 
have  already  faid  that,  neglecting  all  correction,  the  error  re- 
fulting  from  the  difference  of  the  levels  would  amount  only  to 
^\d — a  difference  which  may  be  neg]e6led  in  making  meteo- 
rological obfervations. 

One  of  the  greateft  advantages  of  this  inflrument  is,  that  it 
may  be  rendered  comparative,  by  choofing  tubes  of  about  two 
lines  diameter,  and  cylinders  of  an  inch.  It  is  of  no  im- 
portance whether  a  cup-barometer  maintains  itfelf  a  little 
higher  or  a  little  lower  than  a  fyphon  one,  if  the  depreffion  is 
<:onilant,  and  its  progrefs  regular.  I  have  carried  both  baro- 
meters on  mountains  more  than  1800  toifes  in  height. 

I  made  a  great  many  experiments  on  this  fubjetSl  on 
Mount  Ventoux.  Mine  I  confefs  always  maintained  itfelf  a 
line  lower;  but  was  this  deprefiion  of  a  line  a  fault  of  the 
cup-barometer,  or  did  the  fault  confift  in  the  greater  eleva- 
tion of  the  other?  I  do  not  know  whether  the  folution  of 
this  problem  would  be  favourable  to  Deluc's  barometer,  or 
to  mine. 

If  the  barometric  obfervations  do  not  require  too  much 
time  and  preparation ;  and  if  a  fimple,  ftrong,  and  cheap 
conftruftion  fupply  the  place  of  complex  inftruments  liable 
to  be  deranoed  ;  I  can  affert  that  all  thefe  advantap'es  are 
united  in  this  barometer,  by  means  of  which  correct  obferva- 
tions may  be   made,  which  will  fupply  our  fcientilic  inftitu- 

tions 
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tioiis  with  portable  and  comparative  inftrumentSj  and  with 
which  the  level  of  the  whole  furface  of  France  might  be  taken 
without  any  fenfible  error,  and  without  having  recourfe  to 
long  and  tedious  0[:)erations.  The  fociety  of  Manheim  fent 
mereorological  indruments  to  various  diftant  obfervers;  but 
the  conftruftion  of  them  rendered  this  excellent  plan  fruit- 
lefs ;  as  the  barometers,  when  they  arrived,  were  all  broken 
or  deranged. 

Would  it  not  be  of  advantage  to  fcience,  if  the  French  go- 
vernment would  fend  to  all  the  fchools,  learned  focieties,  and 
other  eftablilhments,  barometers,  by  means  of  which  com- 
parative meteorological  tables  might  be  conftru6led ;  by 
which  the  height  of  the  mountains  and  different  potilions 
might  be  afcertained,  and  valuable  obfervations  made,  which 
have  been  omitted  in  moil  topographical  furveys,  or  have 
been  made  fo  badlv,  in  confequence  of  the  inaccuracy  of  the 
barometers,  that  no  dependance  can  be  placed  on  them  ? 

The  advancement  of  philofophy  and  natural  hiftory  is  the 
object  I  propofcd  in  publifhmg  thefe  reflexions.  Compara- 
tive obfervations  might  render  the  itudy  of  meteorology  lefs 
dry  and  more  agreeable.  The  want  of  correct  obfervations  is 
the  caufe  of  our  being  as  yet  fo  little  acquainted  with  the 
extent  of  the  variations  in  the  atmofphere,  the  point  of  theif 
maximum  or  minimum,  &c.  &c.  There  is  reafon  to  thmk 
that  fuch  data  would  increale  the  probability  of  meteorologi- 
cal prognoftication,  and  render  more  interefting  a  branch  of 
naturaf  philofophy  yet  little  known.  The  correfponding 
heights  of  mountains  and  plains  might  be  of  great  fervice  to 
the  ffeolocrift,  and  enable  him  to  refolve  the  moft  curious 
problems. 

P.  S.  I  have  learnt,  from  C.  Dolomieu,  that  profeffor  Pic- 
tet  employed  a  barometer  nearly  iimilar  to  that  here  de- 
fcribed.  But  as  I  am  unacquainted  with  that  inftrument,  and 
have  ufed  mine  in  journeys  for  four  years  without  its  being 
deranged,  I  publifh  this  defcription  of  it  with  conridence, 
being  peiiuaded  that  it  may  be  of  ufe  to  philofophers  and  na- 
turalifts, 


LIX.  Ana- 
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LIX.  Ajiatomical  Olfervahons  on  the  Strudure  of  the  Orni- 
thorynchus  Paradoxus.     By  J.  F.  Blumenbach,   Pro- 
Jeffor  of  Medicine  at  Gottingeriy  ajid  Member  of  the  ISle- 
dical  Society  of  Paris  *. 


T, 


HE  fpecimen  of  this  animal  in  mv  poiTeiTion  is  about 
19  inches  in  length;  the  head  is  4  inches;  the  tail  nearly 
the  fame;  and  the  neck  and  trunk  10  inches  f- 

It  is  covered  with  two  kinds  of  hair.  The  interior  gray, 
•fhort,  and  very  foft,  like  down ;  that  on  the  outfide,  mixed 
with  others  longer  and  fliffer^  brownirti  on  the  back^  and  yel- 
lowifh  on  the  behv. 

The  limbs  are  fliort.  The  fore  feet  are  about  2'-  inches 
in  length ;  the  hind  feet  are  fomewhat  longer.  The  feet 
have  five  toes,  palmated  {natatorn).  The  natatory  mem- 
branes of  the  fore  feet  are  very  broad,  not  inferted  between 
the  toes,  but  attached  below  them,  fo  as  to  be  better  calcu- 
lated for  diving. 

The  tail  flat,  and  covered  with  ftiff  hair  like  briftles. 

But  what  appears  moft  iino-ular  and  anomalous  i-  the  con- 
fonnation  of  the  head,  beings  furniflicd  w-ith  a  broad  beak 
refembling  that  of  a  duck.  7  he  mandibles,  fpatula-formed, 
are  flat.  The  upper  one,  about  2  inches  in  length,  and 
I-Jd  in  breadth. 

Thefe  mandibles  are  covered  with  a  coriaceous  membrane, 
which  extends  to  the  corners  of  their  aperture. 

The  under  mandible,  which  is  narrower  than  the  upper, 
isferrated  [a,  fig.  1.  Plate  IX.)  on  the  edges,  as  is  the  cafe  in 
a  duck's  bill.     The  palate  is  furrowed  acrois. 

My  fpecimen  is  deltltale  of  teeth,  like  that  defcribed  by 
Dr.  Shaw  ;  but  I  have  lately  been  informed,  in  a  letter  from 
Sir  Jofeph  Banks,  that  in  another  fpecimen  two  fmall  deyites 
fnolares  have  been  found  on  each  fide  of  each  mandible. 

The  whole  beak  at  the  root  is  edged  with  an  undulated 
membranaceous  border  running  acrofs  it  {h). 

*  From  Memoir £s  dr  1 1  Sos'uti  Medicale  dEmulatiott,  quatrieme  arnitC. 

f  Dr.  Bobba,  a  very  refpt^flable  phyfician  now  rcfident  at  Gottingtr, 
had  before  fent  us  a  very  interefring  note  on  the  or^rithoryncbus  paradoxus, 
ill  which  he  fav?^  that  there  arc  three  fpecimcns  in  Great  Britain  fimilar  to 
that  in  tke  poiTeirjon  of  profcilTor  B'umenbach  ;  viz.  one  in  the  Brir-ih 
Muikum  5  one  in  the  poilcffion  of  Mr.  Dobron,an  amateur  of  natural  hif- 
tory  at  London  ;  and  a  third  in  the  univertity  of  Edinburgh.  But  the 
information  he  fent  us  having  been  already  pui'liftied  in  the  BulUiln  des 
ScienccSy  we  did  not  think  it  neceflary  to  infert  it  in  this  work.  V\'e  hare 
confined  ourfelves  therefore  to  thefc  new  obfeuvations  cf  profeficr  Blunnen- 
bach.  —  Noie  of  the  French  Editor, 

The 
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The  conformation  of  the  cranium,  taken  from  the  occi- 
pital condyli  [cd),  and  the  intermaxillary  bones  {ef),  has, 
on  the  firit  view,  a  s:reat  refemblance  to  that  of  the  duck. 
The  bones  of  the  Ikull  are  divided  by  no  futures  j  but  the  in- 
terior chamber  of  the  brain  is  divided  by  an  ofleous  hook  {g) 
nmning  lengthwife,  which  is  found  in  no  other  quadruped  *, 
and  fimilar  to  that  of  the  tetrao  vrogallus* 

What  feems  to  be  highly  worthy  of  notice,  however,  is 
the  remarkable  apparatus  of  the  nerves  of  the  fecond  branch 
of  the  fifth  pair,  and  the  diftribution  of  it  in  three  regions  of 
the  coriaceous  membrane  which  furrounds  the  beak.  The 
nerve  {h)  which  proceeds  from  the  lower  orbital  foramea 
goes  to  the  tranfverfe  edge :  the  other  (i),  which  iffiies  be- 
hind the  intermaxillary  bones,  is  diftributed  on  the  labial 
edges:  the  third  [k),  which  iiTues  from  the  fynchondrofis, 
that  divides  the  anterior  hooked  legs  of  the  intermaxillary- 
bones,  proceeds  to  the  integument  of  the  beak. 

Comparing  this  large  apparatus  of  maxillary  nerves,  with 
which  nature  has  provided  this  coriaceous  integument,  and 
the  like  ftruclure  of  the  duck's  bill,  there  can  fcarcely  be  a 
doubt  that  this  hiffhlv  fenfible  membrane,  which  furrounds 
the  beak,  ferves,  in  a  very  particular  manner,  in  the  omitho- 
rjmchus,  as  in  aquatic  birds,  for  the  purpofes  of  feeling,  by 
means  of  which  thefe  animals  can  fearch  for  their  food  ia 
muddy  places,  where  neither  fight  nor  fmell  can  be  of  any 
ufe  to  them  in  that  refpecl.  Hence  the  eyes  of  the  orjiitho- 
rynchus  are  very  fmall,  but  the  noflriJs  {Im)  exceedingly 
broad. 

This  wonderful  animal,  therefore,  affords  an  exception  to 
the  order  of  the  internal  fenfes  afligned  to  quadrupeds  by 
Buffonf,  who  fays :  '^  In  quadrupeds,  fmell  is  the  firft  of 
fenfes ;  tafle  is  the  fecond ;  or  rather,  thefe  two  form  only 
one :  fight  is  the  third  -,  hearing  the  fourth  3  and  feeling  the 
laft.'' 

In  the  annexed  figure,  one  of  the  bones  of  the  fkuU  is  re- 
prefented  broken,  that  the  interior  of  the  chamber  of  the 
brain  may  be  feen.  N,  denotes  the  orbita  ;  O,  the  zygoma  ; 
PQ,  the  procefflis  molares  of  each  mandible.  The  other 
parts  will  be  underllood  from  the  precedmg  defcription. 

*  I  once  found,  but  the  inftance  is  very  rare,  a  fimilar  ofleous  hook  in  the 
cranium  oF  a  womsn  about  thiuy  years  of  age. 
-}•  Hifloire  des  Oife_u.x,  tcm.  1.  p.  48. 
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O  W  that  we  are  acquainted  with  the  faults  in  the  con- 
ftRiclion  of  the  diftilHng  apparatus,  let  us  try  to  make  an  ap- 
plication of  it  in  order  to  improve  the  knowledge  we  have 
acquired  in  regard  to  diflillation,  and  the  art  of  managing 
the  fire. 

It  appears  to  me  that  the  whole  art  of  diitilling  may  be 
reduced  to  the  three  following  principles  : 

lit.  To  heat  at  once,  and  in  an  uniform  manner,  all  the 
points  of  the  mafs  of  the  liquid. 

2d,  To  remove  all  thofe  obftacles  which  may  confine  the 
afcent  of  the  vapours. 

3d,  To  effedl  the  condenfation  as  fpeedily  as  poffible. 

To  fulfil  the  firft  condition,  it  will  be  neceffarv  that  the 
xnafs  of  the  liquid  {hould  have  little  depth;  and  this  requires 
that  the  bottom  of  the  boiler  iliould  prefent  a  very  large  fur- 
face,  that  the  fire  may  be  applied  in  a  great  many  points. 

The  bottom  of  the  ftill  ought  to  be  a  little  bent  inwards. 
This  form  is  attended  with  two  advantages  :  the  firft  is,  that 
by  thefe  means  the  fuel  is  at  an  equal  diftance  from  every 
point  of  it,  and  that  the  heat  is  uniform  throughout;  the 
iecond  is,  that  by  this  conftruftion  the  bottom  of  the  boiler 
has  more  ftrength,  and  the  matters  which  mavbedepofited  at 
the  bottom  of  the  liquor  are  thrown  to  the  angles  which  reft 
on  the  mafcn  work,  and  where,  confequentlv,  it  is  lefs  dan- 
gerous. When  this  depofit  falls  upon  parts  immediately 
expofed  to  the  direch  action  of  the  heat,  it  forms  a  cruft, 
which  prevents  the  liquor  from  being  in  contact  with  the 
part  of  the  boiler  covered  by  it,  and  the  fire  then  burns  the 
metal.  This  inconvenience  is  not  to  be  feared,  if  the  depofit 
by  the  curved  form  of  the  bottom  is  thrown  into  the  angles, 
where  it  is  withdrawn  from  the  direcl  aftionof  the  heat. 

The  fire  muft  be  made  to  circulate  around  the  boiler  by 
means  of  a  fpiral  chimney;  in  which  cafe  none  of  the  heat 
>vill  be  loft,  as  the  whole  liquid  is  furrounded  by  it,  and  ex- 
pofed to  its  a6lion  in  an  uniform  manner. 
'  That  the  column  of  fteam  which  rifes  may  experience  no 
pbftacle  in  its  afcent,  the  fides  of  the  boiler  ought  to  rife  in 
a  perpendicular  direction  ;  and  the  fteam  muft  be  maintamed 
at  the  fame  degree  of  expanfion  till  it  has  reached  the  refrige- 
ratory. But  the  fteam  rifing  freelv,  and  being  condenfed  by 
coming  into  contaft  with  the  cool  fides  of  the  capital,  would 
fall  back  into  the  boiler  or  body  of  the  ftill^  if  the  fides  were 
6  '  not 
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«Dt  inclined  in  fuch  a  manner  as  to  make  the  drops  of  the 
liquid,  which  attach  themfelves  to  them,-  trickle  down  into 
the  gutter  which  conveys  them  into  the  worm.  I  have  found 
by  calculation  that  this  inclination  ouiiht  to  be  at  leaft  j^  de- 
grees to  the  horizon.  It  is  alfo  neceiiarv  that  the  water  of 
the  refrigeratory  (hould  be  frequently  renewed  5  otherwife  it 
will  foon  acquire  the  temperature  of  the  fteam,  and  be  no 
longer  able  to  condenfe  it. 

Though  thefe  principles  in  regard  to  diftillation  are  incon- 
teftable,  fome  modifications  muft  be  made  in  them  for  the 
purpofe  of  facilitating  the  operation  :  hv  givino-  to  the  aperture 
of  the  boiler  a  diameter  equal  to  that  of  the^bafe,  the  capital 
becomes  very  wide;  it  is  confequentlv  neceflary  to  [rive  it 
a  confiderable  hei,ght,  that  its  fides  may  have  the  inclination 
pf  75  degrees.     This  conltrudion  is  attended  with  two  sreat 
mconveniences  :  the  firft  is,  that  it  rendc^rs  the  capital  heavy, 
clumfy,  and  expenfive;  the  fecond,  that  it  makes  it  difficult 
to  give  to  the  upper  edges  of  the  boiler  that  ftren^th  neceflary 
to  withftand  the  effort  V  the  capital.     Thefe  confiderations 
induced  me  to  make  fome  changes  in  the  above  conftruclion. 
Thefe  changes  all  relate  to  theYorm  of  the  boiler:   I  make 
the  fides  to  project  a  little  as  thev  rife*  and  then  brin?  them 
nearer  to  each  other  towards  the  'top,   in  fuch  a  maniier  that 
the  diameter  of  the  aperture  may  correfpond  to  that  of  the 
bottom.  This  form  removes  the  two  effeds  above  mentioned^ 
and  has  the  advantage  of  prefenting  a  border  at  the  upper  part, 
againft  which  the  bubbles  arifing  from  too  Itrong  an  ebullition 
may  be  broken,  and  thrown  back  to  the  centre  of  the  boiler. 
Befides  this  change  in  the  form  of  the  boiler,  I  thouo-ht  it 
proper  to  take  away  the  refrigeratory  with  which  the  capital 
v/as  covered,  and  which  was  auended  with  the  inconvenience 
of  coolingthe  Iteam,  and  formincf  a  cloud  of  vapour  in  the 
mlide,  which  oppoles  its  further  afcenlion. 

It  may  be  obferved,  that  in  diftillino:  by  means  of  a  retort 
jn  a  flmd-bath,  it  will  be  fufficient  to  apply  a  cool  body  to 
the  retort  to  produce  this  effect:  ftrijc  are  immediately  feen 
formed  on  the  fides,  and  the  liquor  falls  to  the  bottom  of  the 
retort. 

If  I  at  firft  propofed  to  preferve  the  refrijreraton',  it  was 
becaufe  I  afcribed  to  it  a  part  of  the  effeas  vvhich  depended 
on  a  proper  conftruclion  of  the  furnace.  I,  however,  after- 
wards found  that  a  ftill  greater  effed  was  obtained  by  fup- 
preffing  the  refrigeratory.  Befides,  this  change  was  more 
economical,  and  occafioned  lefs  embarraflfment. 

After  this  I  conceived  that  the  great  art  of  condenfino-  the 
vapours  was  confined  to  enlaraincr  the  beak  of  the  c^pit  il 
.  Vol.  XL  a\  '^nj 
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and  carefully  cooling  the  worm.  By  thefe  means  the  va- 
pours efcape  from  the  (till  with  greater  facility,  as  they  are 
admitted  into  the  worm  by  the  fpeedy  condenfation  of  thole 
which  preceded  them. 

Thefe  ditferent  improvements  began  to  be  introduced  into 
Lano-uedoc  about  fifteen  years  ago.  The  brothers  Argaiid 
gready  contributed  to  make  them  be  adopted.  They  firft 
eftablifhed  ftills  according  to  thefe  principles,  and  found  them 
attended  with  fo  much  faving,  in  regard  to  time  and  fuel, 
that  from  the  refults  of  comparative  experiments  it  has  been 
Cifimated  at  foLir-iifths. 

I  have  mvfelf  fuperintended  feveral  eftablifhments  of  this 
kind,  where  the  fame  principles  were  adopted.  In  my  opi- 
nion, it  is  hardlv  poilible  to  carry  improvement  any  further: 
and  it  is  to  be  wiihed  that  this  method  of  diftillation  fliould 
become  general. 

But  it  is  not  fo  much  to  the  form  of  the  apparatus  as  to 
the  confl:ru£lion  of  the  fire-place,  and  the  proper  manage- 
ment of  the  fire,  that  thefe  extraordinary  effects  are  to  be 
afcribed.  The  pofterior  edge  of  the  grate  ought  to  corre- 
fpond  to  the  middle  of  the  bottom  of  the  boiler,  that  the 
Hame  may  fall  upon  and  heat  the  whole  bottom  in  an  uni- 
form manner.  The  dif^ance  between  the  boiler  and  the 
erate  ouo;ht  to  be  from  i6  to  i8  inches  when  coals  are  em- 
ploved  ;  and  -the  chimney  ought  to  be  fpiral. 

Befides  faving  in  regard  to  time,  fuel,  labour,  &c.  this 
form  of  apparatus  has  an  influence  on  the  quality  of  the 
Ipirit.  It  is  far  fweeter  than  any  other,  and  has  no  empyrcu- 
matic  tafte ;  which  is  a  fault  almoft  infeparable  from  the  com- 
mon fpirits  ufed  in  commerce :  this  quality,  which  renders 
fpirits  of  this  kind  fo  fuperior  tx)  others,  had  almoft  become 
caufe  of  their  being  rejecfcd,  becaufe  the  inhabitants  of  the 
north,  whofe  principal  beverage  this  liquor  is,  found  it  too 
fweet.  It  was  therefore  neceflary  to  mix  it  with  burnt  fpirit, 
in  order  to  give  it  a  good  name.  This  fierv  tafte  miay  be 
eaiily  communicated  to  it  by  maintaining  the  diftillation  be- 
yond the  ufual  time.  The  liquor  which  palTes  over  towards 
the  end  of  the  operation  has  evidently  a  burnt  tafte. 

In  the  arts,  it  is  neceflary  to  humour  the  tafte  and  even 
the  caprice  of  the  confumer  ;  and  what  among  us  is  rejedted 
hi  confequence  of  its  bad  tafte,  may  appear  exquifite  and  de- 
licious to  an  inhabitant  of  the  north.  Burning  liquors, 
which  in  the  north  might  be  accounted  weak,  are  too  pow- 
erful for  the  fenfible  nerves  of  the  inhabitants  of  the  fouth. 
iSIontefquieu  has  obferved  with  great  in2;enuity,  that  to  give 
a  Mufcovite  fenfibility  vou  muft  fiay  him. 

By 
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By  the  comparative  experiments  I  have  been  able  to 
make  I  am  convinced  that  a  Httle  more  fpirit  is  obtained  by 
this  method  than  by  the  old  one  ;  the  caufe  of  which  is, 
that  the  fpirit  iiiaes  cool  from  the  apparatus,  and  fuftains  no 
lols  by  evaporation.  The  diltilieries  tlierefore  in  which  this 
miproved  apparatus  is  employed  have  no  fenfible  fmell  of  the 
ipirit. 

\V  hen  wines  are  diftilled,  the  operation  is  carried  on  till 
the  moment  when  the  liquor  which  paiies  is  no  longer  in- 
namma'.'e. 

Wmes  furnilb  more  or  Jefs  fpirit,  according  to  their  de- 
gree of  itrength.  Very  generous  wine  furniOies  a  third  of 
Its  weight.  The  mean  term  of  the  produ^  of  our  wines  \rx 
the  fouth  is  a  fourth  of  the  whole  :  there  are  fome  v/hich 
furniOi  a  third. 

Old  wines  give  better  fpirit  than  the  new  ;  but  they  far- 
niih  a  lefs  quantity,  efpeciaUy  when  the  decompofuion  of 
the  faccharine  body  has  been  terminated  before  the  diftU- 
lation. 

What  remains  in  the  boi'er  after  the  fpirit  is  extraaed  rs 
QdW^di'inaJfe:  it  is  a  confuicvi  mixture  of  tartar,  co^oi^ins; 
matter,  dregs,  &c.  This  refiduum  is  thrown  away  a?  ufe- 
lels;^  yet  by  drying  it  in  the  air,  or  in  a  ftove,  verv  pure  alkali 
might  be  extracted  from  it  by  combuftion. 

In  fome  diftillerici  the  -Linajje  is  acidified,  in  order  to  be 
diftilled,  and  to  extract  from  it  the  litiie  vinecrar  that  has 
been  formed  in  it. 

1  he  fpirit  is  ftronger  according  as  it  is  mixed  with  a  o:reater 
or  lels  quantity  of  water  ;  and  as  it  is  of  importance  iif  com- 
merce to  be  able  to  afcertain  eafilv  the  deerees  of  ilrencrth, 
many  rcfearches  have  been  made  to  difcofer  the  means^  of 
determining:  it. 

The  diftiTler  judges  of  the  flrenfrth  of  the  fpirit  by  the 
number,  fize,  and  permanency  of  the  bubbles  which  are 
formed  when  the  liquor  is  Ihaken  :  for  this  purpofe  he  pours 
It  from  one  velTcl  into  another,  lets  it  tall  from  a  certain 
height,  or,  what  is  more  common,  puts  it  into  a  lono-  flalk» 
which  is  filled  two-thirds,  and  then  ihakes  it  violentlv^keep- 
mg  the  mouth  Ihut  with  his  nno^er.  This  lait  apparatus  i$ 
caiied  in  French  la  foriJe. 

^  The  proof  by  combuftion,  in  whatever  manner  performed, 
IS  very  defeciive.  The  regulation  of  1729  prefcribes  puttincr 
gunpowder  into  a  fpoon,  covering  it  with  liquor,  and  fettin? 
lire  to  it.  The  fpirit,  if  it  inflame  the  powder,  is  conlidere3 
to  be  ol  the  tirft  qualitv  :  when  the  contrary  happens,  it  is 
oad.    Eut  liquor  of  the  fame  quality  inflames,  or  dges  not  in- 
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flame,  according  to  the  proportion  employed.  A  fmall  qitan- 
tity  always  inflames;  a  large  one  never,  becaufe  the  water 
which  the  liquor  leaves  is  then  fufficient  to  moiften  the  gun- 
powder, and  to  fecure  it  from  inflammation. 

Recourie  has  been  had  to  fait  of  tartar  (carbonate  of  pot- 
afli)  for  trying  the  flrength  of  fpirits.  This  alkali  diflblves  in 
water,  but  not  in  alcohol,  fo  that  the  latter  floats  on  the  folu- 
tion  which  is  formed. 

Thcfe  methods,  more  or  lefs  defeftive,  have  rendered  it 
necelfary  to  try  other  means  capable  of  determining  the 
itrength  of  fpirit,  by  aicertaining  the  Ipecific  gravity. 

A  drop  of  oil  poured  upon  alcohol  fixes  itlelf  on  the  fur- 
face,  or  is  precipitated  to  the  bottom,  according  to  the  de- 
cree of  the  Itrength  of  the  liquor.  This  method  was  pro- 
pofed,  and  adopted  by  the  Spanifli  government  in  1770  : 
it  formed  the  object  of  a  regulation  ;  but  it  is  liable  to  error, 
lince  the  effeft  depends  on  the  height  of  the  fall,  the  gravity 
of  thei:)il,  the  iize  of  tlie  drop,  the  temperature  of  the  atmo- 
fphere,  the  dimeniions  of  the  velTels,  See. 

In  1771:1  this  important  obiecl  was  refumed  by  two  able 
philofophers,  Borie  and  Povijet,  of  Cette,  who  made  known 
to  tlie  diltillers  of  Languedoc  a  new  areometer,  which  they 
adopted.  They  applied  to  it  a  tlicrmometer,  the  ditlerent 
degrees  of  which  indicate  at  every  inltant  the  correftions. 
that  ought  to  be  made  in  the  graduation  of  the  areometer,  in 
confequcnce  of  the  very  variable  temperature  of  the  atmo- 
fphere. 

By  the  help  of  this  areometer,  not  only  may  the  degree 
of  flrength  be  afcertaincd,  but  the  fpirlt  may  be  carried  to 
any  point  re(|uired;  for  this  purpoie  dilrerent  weights  are 
provided.  The  heaviell  is  marked  Dutch  proof,  the  lightefl 
threi-fiveiiths  :  if  the  weight  marked  Dutch  proof  be  there- 
fore fcrewcd  to  the  lower  extremity  of  the  fliank,  and  if  the 
jnftrument  be  immerfcd  in  liquor  of  thrrt'-ffveriths,  it  wil} 
flnk  a  great  deal  too  much  ^  but  it  may  be  brought  back  to 
Dutch  proof  by  adding  fonr-fevenths  of  water. 

On  the  other  hand,  if  the  weight  thrt-c-fevt'nths  befcrewed 
to  the  (liank,  and  if  the  areometer  be  then  immerfed  in 
liquor  Dutch  proof,  it  will  rife  above  the  lalt  term,  and  may 
be  eafily  brought  back  to  that  degree  by  adding  flronger  al- 
cohol. 

When  fpirit  is  diftilled  for  the  purpofe  of  extradling  al- 
cohol from  it,  a  bahieimi  marine  is  commonly  employed  : 
the  heat  is  then  more  gentle,  and  more  uniform,  and  the 
product  of  the  diltillation  is  of  a  better  quality  :  this  product 
is  the  common  fpirit  of  wine  ufed  in  commerce. 

.  •  .  3d,  Tartar^ 
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3d,  Tartar,  Tartar  exifts  in  verjuice:  it  is  found  alfo  in 
muft  :  it  concurs  to  facilitate  the  formation  of  alcolioj^  as  we 
have  already  obfcrved  from  the  experiments  of  Bullion.  It 
depoiits  itfelf  on  the  fides  of  the  calks  in  conicquence  of  reft, 
and  forms  there  a  cruft  of  greater  or  lefs  thicknefs,  rough, 
with  cryltals  very  badlv  determined.  Some  time  before  the 
vintage,  ^.vhen  the  vcll'els  are  getting  ready  for  receiving  it, 
the  calks  are  opened,  and  the  tartar  is  taken  out,  to  be  em- 
ployed in  commerce  and  for  various  other  purpofes. 

Tartar  is  not  furnillied  bv  all  wines  in  the  fame  propor- 
tion. Red  wines  give  more  than  the  white.  The  higheil 
coloured  and  thickeil  generally  give  the  moft. 

The  colour  of  the  Urtar  alfo  varies  very  much,  and  it  is 
called  red  or  white,  according  as  it  is  produced  from  either 
of  thefe  wines. 

This  fait  is  very  little  foluble  in  cold  water :  it  is  much 
more  fo  in  boiling  water.  It  fcarcely  diilolves  in  the.  mouth, 
and  refifts  the  prefllire  of  the  teeth. 

It  is  freed  from  its  colouring  principle  by  a  fimple  procefs, 
and  is  then  known  under  the  name  of  cream  of  tartar.  For 
this  purpofe  it  is  dilfolved  in  boiling  water,  and,  when  the 
water  is  faturated,  the  folution  is  put  into  earthen  veirds  to 
cool :  as  it  cools,  it  precipitates  a  (tratum  of  cryftals  which 
are  already  almolt  free  from  colour.  Thefe  crvll:als  are  again 
diflblved  in  boiling  water :  four  or  five  per  cent,  of  an  argil- 
laceous and  Tandy  kind  of  earth,  found  at  Murviel,  near 
Montpellier,  is  diftul'ed  through  the  folution,  and  it  is  then 
evaporated  to  a  pellicle.  On  cooling,  it  precipitates  white 
cryltals,  which  being  expoied  in  the  open  air  on  cloths  for 
fome  days,  acquire  that  whitenefs  which  belongs  to  cream  of 
tartar.  The  mother-waters  are  referved  for  being  employed 
in  new  folutions.  Such  is  the  method  practifed  at  Mont- 
pellier and  in  its  environs,  where  the  principal  part  of  the 
manufa6lories  of  cream  of  tartar  are  eftablilhcd. 

The  tartar  is  employed  alio  as  a  flux :  it  is  attended  with 
the  double  advantaoe  of  furnilhino;  the  carbon  necellarv  for 
the  deoxygcnation  of  the  metals,  and  alio  alkali,  which  is  one 
of  the  belt  fluxes  known. 

Tartar  is  purified  alio  bv  calcination.  Its  acid  is  decom- 
pofed  and  deltroyed  by  this  proceis,  and  there  remains  then 
nothing  but  the  alkali  and  the  charcoal :  the  alkali  is  dilfolved 
in  water,  the  liquor  is  filtered,  and,  being  then  concentrated, 
that  fait  known  in  tlie  fliops  under  the  name  oi  Jalt  of  tartar^ 
or  carbonate  of  potafh,  is  obtained. 

The  alkali  furuilhed  by  tartar  amounts  only  to  one- fourth 
of  its  weight. 

A  a  3  4th,  Ex* 
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4th,  ExtraSi'ive  matter.  The  extra6live  principle  abounds 
in  inuft.  It  appears  to  be  diflblved  in  it  bv  the  help  of  the 
fugar;  but  when  the  fermentaticn  changes  the  nature  of 
the  faccharine  principle^  the  extractive  matter  fenlibly  de- 
creafes.  A  portion  brought  back  then  almoft  to  the  date  of 
nbnne  matter  is  precipitaicd:  the  depolit  is  the  more  fen- 
fible  as  the  fermentation  llackens,  and  as  the  alcohol  is  more 
abundant.  This  is  what  conltitutes  in  particular  the  lees. 
Thefe  lees  are  always  mixed  with  a  pretty  confiderable  quan- 
tity of  tartar,  which  it  envelops. 

There  always  exifts  in  wine  a  portion  of  cxtraolive  matter 
which  is  in  perfecl:  foluticn,  and  from  which  it  may  be  freed 
by  evaporation.  It  is  more  abundant  in  new  wines  than  in 
old.  The  older  they  grow,  they  feem  to  be  the  more  com- 
pletely freed  from  it. 

Thefe  lees,  after  being  dried  in  the  fun  or  in  a  ftove,  are 
well  preffed,  and  then  burnt,  to  extract  that  fort  of  alkali 
called  in  commerce  ivood  ajhes.  The  combuftlon  is  effected 
in  a  furnace,  the  fides  of  which  are  raifed  in  proportion  as  it 
takes  place  :  the  refiduum  is  a  porous  mafs,  of  a  greeniih  G;ray 
colour,  wiiich  forms  about  the  thirtieth  part  of  the  lees  burnt. 

Wines  are  freed  from  thefe  lees  by  drawing  them  oif^  in 
order  to  preferve  them  from  acid  degeneration. 

5th,  Aroma-.  All  natural  wines  have  an  odour  more  or  lefs 
agreeable.  There  are  fome,  even,  which  are  indebted  for  a 
great  part  of  their  reputation  to  the  a2:reeable  odour  they 
exhale.  This  ^is  the  cafe  with  Burgundy  wine.  This  per- 
fume is  loll:  by  too  tumultuous  a  ferrhentation :  it  becomes 
ftronger  by  age.  It  rarely  exifts  in  very  generous  wines ; 
either  becaufe  it  is  concealed  by  the  ftrong  odour  of  alcohol, 
or  becaufe  the  ftrong  fermentation  which  has  been  neceiTary 
to  develop  the  fpirit  has  extinguilhed  or  diliipated  it.  This 
aroma  does  not  appear  fufceptible  of  bcmg  extrafted,  to  be 
communicated  at  pieafure  10  other  fubftances.  Heat  even 
feems  to  deftrov  it-  for,  except  the  firft  liquid  which  pafies 
over  by  diftillation,  and  which  retains  a  liule  of  the  odour 
peculiar  to  wine,  the  fpirit  which  comes  after  has  no  longer 
the  characters  that  eflentlallv  belono-  to  it. 

6th,  The  colouring  principle.  The  colouring  principle  oi 
wine  exifts  in  the  pellicle  of  the  grapes.  When  the  muft  is 
fermented  without  the  fkins,  the  wine  is  white.  This  co- 
louring' principle  does  not  dilTolve  in  the  vintage  but  when 
the"alc(;hol  is  developed  in  it;  and  it  is  only  then  that  the 
wine  becomes  coloured.  The  colour  is  Itronger  according 
as  the  fermentation  has  been  more  tumultuous,  or  as  it  has 
teen  left  loi^ger  in  the  vat.     ^Nleie  prciTure  of  the  grapes  by 

-    treading 
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treading  them,  if  done  with  care,  may  mix  with  muH:  a  quan- 
tity of  colouring:  matter  fufficient  to  make  the  mafs  aflume  a 
very  intenfe  colour.  When  it  is  required  to  obtain  wine  tree 
from  colour,  the  grapes  are  collecSled  while  the  dew  is  iipou 
them,  and  they  are  trod  as  little  as  poffible. 

The  colouring  principle  is  in  part  precipitated  in  the  cafks 
along  with  the  tartar  and  the  lees ;  and  when  the  wine  is 
old,  it  is  not  uncommon  to  fee  it  entirely  free  from  colour. 
The  colour  then  depofits  itfclf  in  pellicles  on  the  fides  of  the 
veflels,  or  at  the  bottom :  it  is  ieen  floating  in  the  liquid  like 
films,  which  render  it  turbid. 

If  bottles  filled  with  wine  be  expofed  to  the  fun,  a  few 
days  will  be  fufficient  to  precipitate  the  colouring  matter  in 
large  pellicles ;  and  the  wine  lofes  neither  its  perfume  nor 
its  qualities.  I  have  often  made  this  experiment  on  the  old 
highly  coloured  wines  of  the  fouth. 

To  precipitate  the  principle  of  the  colour,  nothing  is  ne- 
cefiTary  but  to- pour  lime  water  into  the  wine.  In  this  cafe, 
the  lime  combines  with  the  malic  acid  and  forms  a  fair, 
which  appears  in  the  liquor  under  the  form  of  light  flakes. 
Thefe  flakes  gradually  depofit  themfelves,  and  carrv  vvith 
them  all  the  colouring  principle.  The  depofit  is  black  or 
white,  according  to  the  colour  of  the  wine  emploved  for  the 
operation.  It  often  happens  that  wine  is  fufceptible  of  form- 
ing  a  precipitate,  though  it  has  been  completely  freed  from 
its  colour  by  a  firft  depofit ;  which  proves  that  the  principle 
of  the  colour  has  fl:rong  affinity  to  malate  of  lime.  The  co- 
loured precipitate  is  iafoluble  both  in  cold  and  in  warm 
water.  This  liquid  even  produces  no  change  in  the  colour. 
Alcohol  has  fcarcely  any  effect  upon  it,  only  it  acquires  from 
it  a  flight  tint  of  brown. 

The  nitric  acid  diOTolves  the  colouring  principle  of  this 
precipitate. 

When  wine  has  been  reduced  to  the  fi:ate  of  extract,  the 
alcohol  poured  over  it  becomes  itrongly  coloured,  as  well  as 
the  water,  though  in  a  lefs  degree.  But,  befides  the  colour- 
ing principle  which  is  then  dilTolved,  there  is  alfo  a  faccha- 
rine  extractive  principle  which  facilitates  the  iolution. 

The  colouring  principle,  then,  does  not  appear  to  be  of 
the  nature  of  refins ;  it  prefents  all  the  characters  belonging 
to  a  very  numerous  clals  of  vegetable  products,  which  ap- 
proach very  near  to  feculae,  without  having  all  their  proper- 
ties. The  greater  part  of  colouring  principles  are  of  this 
kind  :  thev  are  foluble  by  the  aflfiftance  of  extractive  matter, 
and  when  freed  from  this  medium  they  become  fixed  in  a 
laliing  manner. 

A  a  4  LXI.  Scfna 


[    376    ] 

LXI .     Sovie  Account  of  C.  FouRCRoy, 

X  HE  following  account  of  this  chemift  is  extra»5led  from 
Schyne'tjffers  BciytrJge  z-2ir  ridheren  keutniffe  des  gegewwartigeii 
Zdujiandcs  der  IVijjeyichaften  in  Frajikrach, 

^'  Fourcrovj  who,  a?.  I  beUeve,  is  the  iirft  public  teacher  of 
the  modern  chemiftry  in  Europe,  is  fo  well  known  to  the 
literary  world  bv  the  fervice  be  has  rendered  to  that  fcience, 
and  by  the  many  excellent  works  he  has  written  on  the 
fubjeft,  that  I  can  no  further  contribute  to.  extendiug  his  fame 
than  bv  aflurino;  the  public  that  this  meritorious  man,  notwith- 
itandingthe  emplovmenthe  has  as  a  member  of  the  Council 
of  Elders,  continues  to  cultivate  his  fcivourite  purluit  with 
unabated  zeal. 

''  He  indeed  continues  to  lecture  on  chcnviftry  with  great 
zeal  ;  and  hi?  deep  knowledge  of  the  fcience  has  been  fo 
much  enriched  by  the  rapid  progrefs  it  has  lately  made,  that 
the  oreat  itore  of  facls  he  pofTefles,  and  which  he  explains  to 
a  crowded  audience  with  great  elegance  and  beauty  of  Ian- 
guaoe,  often  obhges  him  to  exceed  the  time  he  ufually  allots 
for  that  purpofe.  I,  however,  never  found  that  he  either  fell 
(Iiort  of  matter,  or  that  the  patience  of  his  hearers  was  ex- 
haufted,  though  he  reads  every  day,  and  on  fonie  days  three 
lectures,  on  different  branches  of  chemiftry. 

^'  When  we  reflect  on  the  various  labours  which  his  publio 
duties  require,  it  may  readilv  be  conceived  how  few  unoc- 
cupied hours  he  has  left  for  his  daily  leCfures  and  chemical 
experiments.  The  principal  places  which  he  occupies  are 
the  followincr :  he  13  a  member  of  the  Covmcil  of  Elders  and 
of  the  National  Inftitute  ;  of  the  Socieiv  for  promoting  the 
Arts  and  Sciences;  of  tlie  Council  of  Health  j  profeffor  of 
chemiftry  in  the  RcpubHcan  Lyceum,  at  theXational  Mufcuni 
of  Natural  Hiftory,  and  the  General  School  of  Arts.  His  in- 
defatigable affiftant  Vauquelin,  whofe  head  and  hands  are 
entirely .  employed  with  experiments,  fupplies  him  with 
abundance  of  cliemical  difcoveries,  which  he  either  confirms 
or  has  made  himfelt. 

^'  Sometimes  I  paid  an  early  vifit  to  Fourcroy  at  his  own 
houfej  for  this  was  the  only  time  I  could  have  an  opportunity 
of  converfing  v.ith  him  on  chemical  fubje6ts.  I  always  met 
tvith  the  politeft  reception,  and  ^Kvavs  found  him  ready  to 
enter  on  a  difcufrion  of  topics  relating  to  our  favourite  ftudy. 
*'  I  faw  C.  Fourcroy's  ovai  chemical  laboratory^  and  the 
hall  in  which  he  gives  leclures  on  natural  hiftory.  It  is  not 
very  large,  but  well  fitted  for  his  pur)X>fe,  and  furniflied  with 
apparatus  and  every  other  thing  that  can  ferve  for  illuftrating 


IiO)'aI  Socle fj  0/  London,  377 

his  iecluros.  I  found  him  much  employed  at  his  own  houfe 
on  that  part  of  chemillry  which  he  has  engaged  to  write  for 
the  new  Encyclopedle,  and  which,  as  I  iaw  by  his  manu- 
fcript,  is  nearly  finifh^d,  and  will  no  doubt  mee-t  with  the 
approbation  of  the  public,  lie  informed  me,  that  as  foon 
as  thi'  work  was  completed  he  intended  to  begin  another,  viz. 
A  Hiftory  of  the  Revolution  etfecled  in  France  in  regard  to 
Chemiftry,  and  the  Foundation  of  the  Theory  refpefting  the 
different  Kinds  of  Gales.  Fourcrov  was  one  of  thofe  who 
chiefly  contributed  to  the  eitabliihment  of  thofe  learned  in- 
ilitutions  and  fchools  which  at  prefent  exift  at  Paris,  and  he 
ftill  labours  for  their  improvement.  His  principal  works  are: 
An  Effay  on  the  Difeafes  of  Artifts,  by  Ramazzini,  1777, 
]  2mo.  The  Principles  of  Chemiftry,  2  vols.  8vo.  of  which 
there  have  been  feveral  editions  :  the  laft  confilts  of  eight 
volumes.  The  Principles  of  Chemiftry,  for  the  Ufe  of  the 
Veterinary'  School,  2  parts,  i6mo.  A  Treatife  on  the  aci- 
dulous Springs  of  Engheim.  A  Collection  of  Memoirs  in 
Chemiftry,  8vo.  The  Art  of  knowing  and  employing  Me- 
dicines, 2  vols.  12 mo.  On  the  Improvement  of  Medicine; 
by  the  Phyftcal  Sciences,  1792  and  1793,  4  vols.  8vo. 
The  Philofophy  of  Chemiftry.  And  many  (ingle  papers  in 
the  Memoirs  of  the  Academy  of  Sciences  and  the  Annals  of 
the  Society  of  Medicine;  fome  public  orations  on  the  fci- 
ences,  and  a  few  diflertations  on  faltpetre. 

'•'  Fourcroy  is  a  man  about  40  years  of  age*,  of  an  agreeable 
afpect,  and  great  aftivity.  At  prefent  he  is  fo  much  engaged 
with  public  buftnefs,  that  he  has  little  time  left  fordomeftic 
enjoyment ;  he  has  therefore  fent  his  wife  to  a  countrv^  re» 
treat,  and  placed  his  eldeft  fon  under  the  care  of  his  friend 
Vauquelin,  at  whofe  houfe  he  enjoys  the  inftru6lion  of  Stanv. 

*'  Fourcroy  in  the  courfe  of  his  converfation  feemedto  have 
a  great  attachment  to  England,  on  account  of  the  great  pro- 
grefs  which  the  fciences  have  made  in  that  country,  and  he 
often  exprefled  a  delire  of  paying  a  vifit  to  it  on  the  reftoration 
of  peace.'' 
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N  the  24th  of  December  was  r^ad  a  paper  on  fric* 
tion,  by  Mr.  Southern.  He  made  a  number  of  expert- 
^i^i^ts  on  the  motions  of  large  grindftones  revolving  with 
g^'^^t  rapidity,  and  afcertained  the  power  of  fri6lion  on  their 
^^s  from  the  number  of  revolutions  which  they  performed 

*  This  was  written  in  1797. 

when 
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when  fet  in  motion  with  various  velocities.  He  coniider^ 
the  refults  as  fully  coniirming  Mr.  Vince's  principles,  that 
fri6lion  is  a  uniformly  retarding  force ;  although  the  refift- 
ance  of  the  air  and  other  accidental  circumftances  introduced 
great  irregularities  into  the  experiments.  He  found  this  force 
equal  to  about  i-40th  of  the  weight:  the  fteel  fpindles  run- 
nine;  on  brafs,  with  the  interpofition  of  an  un(^uous  fubilance. 

The  Society  adjourned  to  Thurfday  the  T4th  of  January, 
when  an  algebraical  paper  was  read,  of  which  we  can  give  no 
idea  in  a  fhort  notice. 

A  paper,  by  Smith  Gibbs,  Efq.  on  galvanifm,  has  alio 
been  read  before  the  Society ;  but  we  have  occupied  fo  large 
a  portion  of  our  prefent  Number  with  that  fubjeft,  that  v/e 
cannot  at  prefent  enter  upon  it. 

ACADEMY   OF  THE   USEFUL   SCIENCES   AT  ERFURT. 

The  Academy  of  the  Ufeful  Sciences  at  Erfurt,  in  confe- 
quence  of  a  prize  of  tliirty  ducats,  offered  by  an  anonymous 
friend  of  chemiRry,  have  propofed  the  following  queftion : 
What  ufeful  application  can  be  made  in  chemillry  and  the 
arts  of  the  temperatuiies  below  zero  of  Reaumur ;  and  how 
far  is  it  poffible  to  lower  the  temperature  by  artificial  means  ? 
The  Society  wifhes  that  thofe  who  undertake  to  anfwer  this 
queftion  will  repeat  the  experiments  of  Lowitz,  Fourcroy,  &c. 
and  examine  whether  a  much  greater  degree  of  cold  than  anv 
yet  found  may  be  produced  by  changing  the  proportions  of 
the  mixtures,  employing  them  in  greater  quantity,  by  new 
mixtures,  or  by  placing  more  refrigeratory  vciTcls  within 
each  other,  and, where  it  can  be  done,  by  making  experiments 
in  a  rarefied  atmofphere  :  alfo  to  examine  the  influence  of 
low  temperatures  on  the  different  gafes  Ihut  up  with  fpirit  of 
wine;  and  to  obferve  their  mixture,  where  poffible,  in  a 
comprelfed  ftate ;  and  their  influence  alfo  on  liquids,  on 
foiid  bodies,  and  on  the  galvanic  phaenomciia :  and,  in  the 
laft  place,  to  fliow  what  employment  may  be  made  of  the 
low  temperatures  in  the  arts  and  manufaftures. 

The  papers  on  this  fubjccl  mult  be  tranfmitted  to  profeflbr 
Bellerman,  the  fecretarv  of  the  academy,  before  the  end  of 
April  1802;  three  months  after  which  the  prize  will  be  ad- 
judged. 

FRENCH   NATIONAL    INSTITUTE. 

-  The  National  Inftitute  of  France  having  been  formed  dur- 
ing the  war,  the  nomination  of  the  foreign  alTociates,  infti- 
tuted  by  the  fecond  article  of  the  law  of  3d  Brumaire 
{OSi.  25.)  year  4,  was  fufpended.  As  peace  has  removed 
this  fufpenfion,  in  the  General  Sitting,  which  brings  to- 
gether^ on  the  5th  of  each  month,   the  three  clafTes  of  the 

Inftitute, 
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Inftllute,  each  of  them  prefented  the  names  of  three  candi- 
dates; from  which  the  iDftitnie,  on  the  5th  Nivofe  (26th  De- 
cember)  were  to  choofe  a  lirli  alVociate  for  each  clafs. 

The  three  candidates  prefented  by  the  clafs  of  the  Mathe- 
matical and  Phvfical  Sciences  are,  Sir  Jofeph  Banks,  Dr.  Aiaf- 
kelyne,  and  Dr.  Herfchel. 

The  three  candidates  of  the  Moral  and  Political  Sciences — • 
Mr.  Jetferlon,  Prefidcnt  of  the  United  States,  Major  Piennel, 
Count  Rumford. 

The  three  candidates  named  by  the  Clafs  of  Literature  and 
the  Fine  Arts  are,  M.  Haydn,  Mr,  Sheridan,  and  Klopftock, 

Each  clafs,  in  order  to  prefent  its  three  candidates  for 
election  to  the  three  clalfes  united,  was  iticlf  obliged  to  elci^ 
from  a  greater  number  of  candidates  prefented  to  it  by  a  com- 
iriiOion  compofed  of  a  member  from  each  fettion.  The  lift 
of  the  candidates  propoled  to  each  clafs  by  the  commiffioa 
was  as  follows  : — 

For  the  firft  clafs — Dr.  Mafkelyne,  Mr.  Watt,  Dr.  Her- 
fchel, Dr.  Prieftley,  Mr.Cavendifh,  PmfelTor  Vo'.ta,  Sir  Jo- 
feph Banks,  Profcffor  Pallas,  Mafcagni,  Arthur  ^  oung,  Efq. 

For  the  fecond  clafs — Mr.  Jefferfon,  Count  Rumford, 
Korman,  Kant,  Herder,  Sir  John  Dalrymple,  Profelfor  Du- 
gald  Stuart,  Sir  John  Sinclair,  Ebling,  Arthur  Young,  Efq. 
Rhabec,  Marini,  Gaetano,  Librarian  of  the  Vatican,  Cham- 
pomann,  Lardizobal,  David  Ramfay,  Niebuhr,  Home  Tooke, 
Islw  Fox. 

For  the  third  clafs —  -.mold,  Cannova  the  Italian  fculp- 
tor,  Calderari,  Cefarotti,  Italian  poet;  Haydn,  celebrated 
mufician  ;  Hevne,  Klopftock,  Merian,  of  the  Academv  of 
Berlin;  Sergelle,  a  Swede ;  Sarti,  celebrated  Italian  mufi- 
cian ;  Mr.  Sheridan,  Home  Tooke. 

In  the  General  Sitting,  on  the  26th  of  Dec-ember,  the  In-r 
ftitute  proceeded  to  the  election  of  the  three  afTociated  mem- 
bers;  when  Mr.  Jefferfon,  Prefident  of  the  United  States  of 
America,  was  chofen  for  the  Clafs  of  Moral  and  Political 
Science.  Major  Rennel  had  i^"]  votes,  and  Count  Rum- 
ford 169. 

For  the  clafs  of  Phvfical  and  Mathematical  Science,   Sir 
Jofeph  Banks,   Prefident  of  the    Royal  Society  of  London, 
was   nominated ;  and   for  the  Clafs  of  Literature   and   the 
Fine  Arts,  M.  Haydn. 
Account  of  the  labours  of  the  Clafs  of  the  Mathematical  and 

Fhj/ical  Sciences  during  the  jirjl  quarter  of  the  jear  10. 

Read  by  C^  Dchmbre,  fecretary, 

Ajlronomy. — The  ftar  difcovered  about  a  year  aero  by  Pi- 
azzi  at  Palermo  has  hitherto  efcaped  the  reiearches  of  all 
aitronomers.   Similar,  in  regard  to  the  fpleudour  of  its  light, 
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to  a  ftar  of  the  feventh  or  eicrhth  magnitude,  it  exhibited 
none  of  thofe  appearances  that  ferve  to  diltinguifh  comets. 
In  colour  it  refembled  Jupiter;  and,  from  obfervations  made 
in  the  meridian  by  M.  Piazzi  and  his  afiiitant  M.  Caccia- 
tore,  it  would  Teem  that  this  fiar  is  a  planet,  the  orbit  of 
which  cives  reafon  to  fuppofe  that  its  revolution  is  performed 
in  four  vears  and  a  half,  or  tive  years.  Towards  the  end  of 
Flwv'iofe,  as  this  ftar  palled  the  meridian  too  earlv,  it  ceafed  to 
be  vilible ;  and  INI.  Piazzi,  affifted  bv  Cacciatore  and  Cariotti, 
both  endowed  with  excellent  fiiiht,  and  well  acquainted  \\\\\'\ 
the  heavens,  endeavoured  to  find  it,  but  in  vain,  both  with 
a  night-glafs  and  an  achromatic  telefcope  of  a  large  aper- 
ture. It  needs  therefore  excite  no  furprile  that,  nine  months 
after,  all  the  aftronomers  of  Europe  Hiould  have  failed  in  their 
refearches,  (ince  to  the  difficulty  of  the  thinir  ilfelf  there  was 
added  an  uncertaintvof  Ibme  degrees  refpeciing  the  exact  place 
where  it  was  necefiary  to  fearch  for  this  itar,  as  the  ele- 
ments of  its  orbit,  calculated  on  too  fmall  an  arc,  cannot, 
after  fo  long  an  interval,  give,  in  a  fufnciently  correct  man- 
ner, the  geocentric  places.  Befides,  the  heavens  have  been 
almoft  alwavs  cloudy  ;  and  to  be  able  to  hope  for  fuccefs,  it 
would  be  necefiary,  conlidering  the  fmall  fize  of  this  ftar,  to 
make  a  correct  enumeration  of  all  the  ftars  from  the  feventh 
to  the  ninth  magnitude  in  the  neighbourhood  of  which  it 
rnav  appear,  and  to  repeat  the  examination  of  them  every  day 
mitil  the  fmall  planet  fliould  difcover  itfelf  by  its  motion.  It 
will  foon  be  under  the  fame  circumftances  in  which  it  was  at 
the  time  of  its  difcoverv  ;  and  if  the  heavens  fliould  become 
more  ferene,  we  may  itiU  retain  fome  hope. 
•  IVmter  Soljiice  of  the  year  lo.  (Dec.  i8oT.) — ^The  wea- 
ther, fo  unt'^avourable  to  the  refearches  made  to  obferve  Pi- 
azzi's  planet,  was  no  lefs  fo  to  the  determination  of  the  fol- 
Ititial  altitude  of  the  fun,  which  was  conftantly  concealed 
from  the  19th  to  the  26th  of  December ;  that  is  to  fay,  dur- 
ing; thofe  davs  on  which  the  molt  conclufive  obfervations 
could  have  been  made.  However,  by  collecting  thofe  made 
on  the  preceding  and  following  days,  C.  Delambre  was  able 
to  form  nine  fcries  of  zenith  di (lances,  obferved  by  Borda's 
circle,  which  gave  him  for  mean  refult  an  apparent  obliquity 
of  ly  28'  3".  This  quantity  holds  nearly  a  mean  place  be- 
tween thofe  found  ieveral  years  ago  by  the  winter  folltices  f)n 
tlie  one  hand,  and  the  fummer  foKtices  on  the  other.  On  this 
occafion  the  obiervation  made  at  the  winter  folftice  ap- 
prciached  very  near  that  made  at  the  fummer  folftice.  It  is 
well  known,  that  for  a  long  time  pait  all  aftronomers  who 
have  emploved  themfelves  in  determining  the  obliquity  of  the 
ecliptic  have  always  found  feveral  feconds  lefs   in   winter 
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than  in  fummer.  On  this  occafion.  however,  the  obfervation 
made  at  the  winter  folftice  approached  verv  near  to  that  made 
at  the  fummer  Iblftice.  We  ihall  not  attempt  to  ex])Iain  the 
caufe.  We  fliall  content  ourfelves  with  mentioning  the  fa6t ; 
but  we  mud  add,  that,  according  as  the  tbermomcter  bv^ 
which  the  refraction  is  corrected  is  polited  within  or  without 
the  obfervatory,  or  near  the  telefcope,  there  will  be  a  I'econd 
lefs  or  more  in  the  above  determination  for  which  the  mean 
of  ihefe  thermometers  was  taken. 

The  phyfical  part  was  read  bv  Lacepede^  fecretarv. 

A  commifhon,  coniiiting  of  Laplace,  Coulomb,  ITallC;, 
Motive,  &c.  having  been  appointed  to  examine  the  phse- 
nf)mena  of  galvanifm,  and  to  repeat  the  experiments  of  pro- 
felibr  \'oIta,  they  communicated  the  refuh  in  a  report,  in 
which  thev  explained  the  theorv,  and  its  identity  \\  ith  elec^ 
tricity.    (For  this  report,  fee  page  301.) 


LXIII.   Intelligence  and  JSliJcellaneous  Articles, 
January   1802. 

T  MINING. 

H  E  profpec'il  of  peace  has  made  conficerable  alteration 
in  the  views  of  the  miners  of  Cornwall  and  De\(jn.  The  ex- 
pected redaction  in  the  prices  of  the  articles  of  whicli  fuch 
vaft  quantities  are  confumed  in  their  works,  as  timber,  grun- 
powder,  iron,  Izz.  and  the  probable  increafe  in  tlie  value  of 
tin  at  leaft,  and  perhaps  of  copper,  have  given  peculiar  energy 
to  the  carrying  on  the  prclent  mines,  and  to  exertions  for 
new  difcoveries.  Perhaps  the  fpirit  of  adventure  in  ihefc  un- 
dertakings was  never  much  higher. 

Among  the  new  difcoveries  is  that  of  a  courfe  of  copper 
ore,  in  the  eaftern  part  of  Wheal  Fortune  mine,  in  the 
pari{h  of  Gwennap,  Cornwall.  And  the  fame  has  been 
found  to  extend  into  the  infant  concern  of  Wheal  Friend- 
ihip,  a  mine  adjoining  on  the  fame  lode.  Penandrea,  un- 
der the  town  of  Redruth,  is  throwing  up  a  good  deal  both  of 
tin  and  copper,  and  the  extenfive  mines  of  North  Dovvus  are 
faid  to  be  rich  in  the  upper  levels^  though  the  bottoms  have 
been  flopped  novv  for  fome  time. 

A  new  copper  mine  is  gr^ing  on  fouth  of  Wheal  For- 
tune, called  Wheal  Girl,  and  the  old  and  great  mineW^heal 
Eufy,  which  formerly  has  produced  fo  much  tin  and  copper 
in  intimate  mixture,  it  is  reported  will  fpeedily  be  put  in 
courfe  of  working. 

On  the  eaftern  borders  of  Cornwall,  and  in  the  part  of 
Devon  adjoining,  mining  has  within  a  (liort  time  been  con- 
fiderably   extended.     Wheal  Crowndale,    in    the   parifli   of 
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Taviftock,  lately  dircovered,  is  already  producing  a  con- 
liderable  quantity  of  copper  ore,  as  alio  are  fome  other 
mines  of  not  long  (landing  in  the  neighbourliood.  A  new 
mine  is  jioing;  on,  on  Wheal  Crowndale  lode,  to  the  weit  of 
that  concern. 

Among  minerals  found  of  late,  may  be  mentioned  ^z^^^^ 
of  lime,  cryftalHzed  in  cubes,  produced  in  fine  pieces  from 
Gunnis-Lake  mine  (copper  lode  running  in  granite)  on  the 
Cornwall  banks  of  the  Tamar,  and  fome  fpecimens  of  fcaly 
iron  ore  incumbent  on  cryftals  of  quartz  fromWheal  Crown- 
dale.  Some  quantity  of  the  rare  fpecies  of  fiiiors  cryftallized 
in  tetrahedral  prifms  has  of  late  been  collefted  from  the  wafte 
at  the  old  lead  and  (ilver  mines,  not  now  at  work,  atBeerfuris 
in  Devon. 

ANTIQUES. 

Mr.  Holland,  the  architeft,  is  in  poflfeffion  of  a  fine  col- 
lection of  antique  fragments  purchased  for  him  at  Rome  by 
Mr.  Tatham  previous  to  the  revolution.  It  confills  of  fome 
of  the  bed  fpecimens  of  ornamental  fculpture,  and  may 
therefore  be  confidered  as  an  acquifition  to  the  country,  as 
the  ftudy  of  fuch  models  ferves  in  an  eminent  degree  to  form 
a  correiSl  tafte  in  ftudents  of  architecture. 


Dr.  Garnett's  Le(Slures  on  Zoonomia,  or  the  laws  of  animal 
life,  which  commenced  on  Wednefday,  the  20th  of  January, 
have  excited  confiderable  attention,  on  account  of  the  novelty 
of  the  fubjeCt.  In  the  firlt  leClure,  Dr.  Garnett  gave  a  ge- 
neral defcription  of  the  human  body,  confidered  as  a  machine 
confifting  of  bones  and  mufcles,  for  the  purpofes  of  motion, 
at  the  inltance  of  its  intelligent  principle.  He  likewife  con- 
fidered the  various  theories  of  i'enfation  and  mufcular  motion, 
and  concluded  the  lecture  with  fome  galvanic  experiments, 
\vhich  feerned  to  (how  that  electricity  has  a  coniiderable  (Iiare 
in  producing  thefe  phasnomena. 

In  the  fecond  lecture,  which  was  delivered  on  Saturday 
lal^,  he  proceeded  to  con(ider  the  nature  of  refpi ration,  and 
the  caufe  of  animal  heat.  At  the  requeft  of  feveral  friends 
in  the  City,  he  intends  to  deliver  this  courfe  in  Cornhill  every 
Wednefday  evening. 

A.  and  C  R.  Aikin  will  begin  a  courfe  of  evening  leftiires 
on  various  chemical  manufactures,  and  the  outlines  of  general 
chemiftry,  on  Monday  the  firft  of  March  next. 

The  lectures  will  be  tuentv-eight  in'number,  and  will  be 
given  every  Monday  and  Friday,  at  the  Alderljcate  Street 
General  Difpenfary. 

Further  particulars  may  be  learnad  at  Mr.  Aikin's^  No.  4^ 
Broad  Stieet  Buiidiiikrs. 


■^:^^ 


P7n/o.2f.u/.F/.mr 


_Z<'ll7-l      .>\7dp. 


I 


PUlo.Maq.Fl.V.  Vol. XL . 


Fiij  2 


I.(n*'r%-  scidp . 


Fhilo.Muj .  Tl  TI.VoUJ. 


Zowrv   sculp . 


Thih}.Map.Tl  Tm  Vol  ZI 


Fhilv.JLi/f.  Pi.JX.TbJ.XI. 


Xowry    sculp. 


I 


C  383  3 


'.t'  ,.j.' 


INDEX    TO    VOL.    XL 


Absorption.   To  prevent 

in  dirtillation^,  253 

Academy  {Rjyal)  of  Sciences  at 

Berlin,  8 1 

Academy  of  Sciences  at  Erfurt, 

269,  378 
Academv.       Royal     Medical,  at 

Barcelona,  283 

Affinities  of  earths  for  each  other. 

Agricultural  Society  of  the  Seine, 

Agriculture.        Prize    queftions, 

269,  283 

Alcohol.     To  prepare,  147 

Alkalies.      On  the  analyfis   and 

fynthefis  of,  344 

Alumine.     Experiments  vvitli,  on 

affiniries,  342 

^.Y//j7fj  of  menachanite,  8S  :  of 

chryfoliteof  Greenland,  88, 80: 

of  phofphated   lead  ore,  276: 

of  the  earth  eaten  by  the  New 

Caledonians,  280  :   of  Wine, 

368 
Animal  prefenfation  of    changes 
of  weather,  211 

Animal.    A  new  one,    268,  364 
Animal  fhyfiology^  278 

Aniimoniah.     On,  Jc8 

Antlmonialfah.     A  new,        190 
Antimcny.     Its    fixity   with   tin. 

Antiquary,   A  prize  quefiion,  87 
Antiquities.  83,663,288 

Apparatus.  Eleflrical,  25  i  :  che- 
mical, 2,3 
Aranea  diadema.  Manner  in  which 
it  fpins  its  wtb,  320 
Arches.  Equilibrium  of,  9",  179 
ArchitcQure.     Pantheon  atPciri>, 

270 


Ari'/jis.     Hints,  recipes,  Sec.  for, 

144 
Ajlronomy.  82,182,19  r,  ^61,  380 
Atmofphere.    Prize  qucftton,  26p 
Attrj,clive  lo-jotr  of  bodies  float- 
ing on  water,  27 

Balylonian  infer iplions.     Dr.  Ha- 


ger  s  work  on, 


20: 


Bacon  (Lord  Verulam).  The 
merit  of,  iq 

Banks,  Sir  J<ifeph,  eleded  an  afTo- 
ciate  of  French  National  Infti- 
tute,  579 

Bannat  of  Temcf'vcar.  Deftruc- 
tive  infecls  found  in,  140 

Bards,     On  the  origiii  of,     270 

Barometer,  Influence  of  the  fun 
on,  j^i 

Barometer.      Guerrin's   portable, 

Barytes.     Experiments  with,  on 

affinities,  ZV'^  34^ 

Bechtnanns  diifertation  on  fugar, 

3  :  on  dyeing  cotton,  58  :   on 

iire  ergines,  238 

Biography.  257,  ^-jS 

Bleaching.      On,  ^^^  273 

Blood.     Galvanic  experiment  on, 

189 

Bode,  on    the   variations  of  the 

axis  and   poles    of  the  earth, 

Bce'iige    on    dift'nguifhing    me- 
tals by  their  fmejl,  irg 
Bojks,     Account    of,  new,    177 

n    -  .263 

BeJ/ui    on    the     equilibrium    ot 

arches,  j-^ 

B  ota»ical  puhlicatiofis.  267 

Brafs.     To  gild,  14S  :   to  lacker, 

I48  ;  on  Corinthian,  161 


Bride 


^84 


I  Isri)  E  X. 


Bridges.  Conftruftion  of,  97,1  79 

£uchanna7i^s     improvements    on 

water  wheels,  79 

CaJf'Jhins,      To  tan,  ^  23 

Carbon.  Gafeous  oxide  of,  de- 
compofed,  89 

Carbonates,  earthy.  Experiments 
with,  on  affinities,  342 

Carradvri  on  the  attractive  pow- 
er of  bodies  floating  on  water, 

Carthamus   Thi^orJus.     Experi- 
ments on  dyeing  with,  58 
Ckaplal  on  the  aualyfis  of  wine, 

128, 368 

Chariot  zoay-iMifer  known  to  the 

antients,  3^ 

Cheefe.     To  make  Chefhire,  235 

Chemical  apparatus  Improved,  253 

Chenevix    on    menachanite   from 

Botany-Bay,  88  :  on  James's 

powder,    ic8  :  on  the  fulphur 

in  fulphuric  acid,  112 

Choy,  in  Perfia,  journey  to,   217 

Coal  found  at  the  Cape  of  Good 

Hope,  261 

College   of  pharmacy    at  PariSy 

282 

Comets.  9^»  181 

Cooper    (Mr.    Aftley).      Medal 

prcfented  to,  268 

Corinthian  hrafs.     Remarks  on, 

161 
Cotton.    On  dyeing,  58 

Coiv  hides.     To  tan,  22 

Crocodiles   of  the    old    and  new 

world,  277 

CuvieT  on  crocodiles,  377 

Darracq  on  the  affinity  of  earths 
for  each  other,  341:  on  analy- 
fis  and  fynthcfis  of  alkalies  and 
earths,  ^  344 

Davy  on  galvanifm,      202,  326 
Deaths,  28  S 

Dernuent  zvafer.      On  the  agita- 
tions of  the  lake  of,  163 
Dcfmcnd's   new  procefs  for  tan- 
ning, 19 


Deformes*  analyfis  and  fynthefis  of 
alkalies  and  earths  examined 
by  Darracq,  344. 

Dillivy7i^5  experiments  on  germi- 
nation^  l^^ 

Druids.      On     the     origin     of, 

-Id 
Duelling,    A  prize  queftion,  179 

Divarf.     Defcription  of  a,     17 

Dyftntery.  A  prize  queilion,  178 

Earth.  Antiquity  of  the,  287  t 
on  the  variations  of  the  axis 
and  poles  of  the,  3  10 

Earths.     Affinity  for  each  other, 
'  341  :  Oil  analyfis  and  fynthe- 
fis of,  ^         344 
Earthcn-'Viare.       A  pn2e   quef- 
tion,  86 
Earthqudhe.                                1^2 
Es^gs.     Experiments  on,  89 
EhSIricilj,     Prize  queftlons,  81, 

178 

Eleclricity.     Wolladon  on,  206: 

compared  with  galvanifm, 206  : 

decompofitiori  bf    water    by, 

2o5 
Ehclrometer.  Lawfoft's,  251 
Emeralds  found  in  France,    276, 

282 
Engelmatis  journey  in   Peifia, 

217 
Eng'ine  for  ralfing  water,  166 
Erfurt <i  academy  at,  269,  378 
Ether.     To  prepare,  1 46 

Fermentation.    A  prize  queflion, 

8i 
Fire-hall.  A  remarkable,  19 1 
Fire  engines.      On  the  antiquity 

and  invention  of,  23S 

Fluor  alhus.  Remedy  for,  266 
F'jrfer's  Hygrometer,  166 

Fourcroy.  Some  account  of,  376 
French  Nationallnfiitute^  82,  179, 

270,  301 
Freezing  experimtnt:,     A   prize 

queftion,  378 

Fridi.n.    Experiments  on,      377 

Cahanlfni. 


I  X  D  E  X. 


FrJm'wat'iny  mercury.  Accident- 
al  explotion  of,  285 

Furnace  for  confuming  its  own 
fmoke,  65 

Galvanifni*  Known  27  }'ear3 
ago,  90  :  Pielct  on,  149  :  ex- 
periment on  blood,  189  :  gold 
deflagrated,  189:  gunpowder 
fired,  190 :  Davy  on,  202, 
326:  may  be  excited  by  tlie 
arrancrement  of  linofle  metallic 
plates  with  different  ftrata  of 
fluids,  203  :  Dr.  Wollafton's 
experiments,  206  :  compared 
with  ele6tricity,ao7  :  National 
Inftituteon,  271:  Biot's  opi- 
nion, 272  :  Guyton's  experi- 
ments, 272:  Ganthenet's  ex- 
periments, 272  :  effeftsin  the 
mineral  kingdom,  27^  :  gold, 
iilver,  copper,  lead,  tin,  and 
iron  deflagrated,  384,  2S5  : 
French  National  Inilitute  on, 

301 

Gafeous    ox'uk    of    carbon.      On, 

Gafes.    Hiftorical  particulars  re- 
fped^ing,    193 :  apparatus  for 
keeping  feparate,  253  :  to  im- 
pregnate, 2  ,-4 
Geography,                        217,  361 
Georgia,     Defcription  of  the  ca- 
pital of,                                 22  J 
Germination.       Experiments  on, 

158,  279 
Gilding  of  iron  or  fccL      ProccT- 
fe=  for,  144 

Gnii'iin's  hiftor^'  of  the  gafes,  193 
Goat-fhins,     To  tan,  23 

Goths,  On  the.  A  prize  qvief- 
tion,  81 

Grafting.      Origin  of,  269 

Greek  fre.      How  ufed,  242 

Gucriiis  portable  barometer,  362 
Guyton    on   the    eflecls    of    gal- 
nifm    in     the    mineral    king- 
dom, 275  :  on  refp: ration,  &c. 

278 
Guytoiii  analyfis  and  fvotheGs  ot 
Vol..  XL 


3S5 

alkalies  and  earths,   examined 

by  Darracq,  344 

Gypfiferous  muriats  of  fodaj    2S1 

Hagcr^s  Babylonian  infcriptions,  • 

263 
Hahn,  P'on^  on  the  fun,  39 

HatcheTs  difcoveiy  of  a  new  me- 
tal, ^       I77_ 
Haydn  elefted   an    afTociate    of 
French  National  Inftltute,  379 
Hemmer  on  the  influence  of  the 
fun  on  the  barometer,         1 5 1 
Hemp.     Hiitory  of,  8^5 
Hcrcuhneiim.      On  the   deftruc- 
t  ion  of,  83 
Heron  on  the  chariot  way-wifer 
and   pedometer,  38:    on    ma- 
thematical   and   phyflcal  rea- 
foning,                                   294 
Hieroglyphics,   A  key  to  the,  28:^ 
Hh^.ts  for  artifls,  &c.               144 
HiJtQry.      A  prize  queftion,  269 
Hjrne^  Everardy  Efg.    on  a  new 
animal,                                   268 
Humholdts  letter IoLal AN DE,on 
the  m.agnetic  variations  in  dif- 
ferent longitudes  and  latitudes, 

3S5 
Hydrj-sarlor.at;.       To    decom- 

pofe,  89 

Hygrometer,     A  new,  i66 

Infcriptions^  Bahylonian,  Dr.  Ha- 

ge'*on,  263 

Irfccis,  defiructive,  found  in  Ruf- 

fia,  14a 

Lifccts,     A  new  kind  of,         278 

lyccacnanha.    Subllitute  for,   2c6 

Iron  furnace.    Singular  explofion 

of  an,  92 

IioUy   to  gild,   1^4:  blue  oxide 

of,  281  :  on  the  conveifion  of, 

into   ifeel,    by  means    of  the 

diamond,  289 

Jalu)nov.fly  Soc'efyy  2(g 

jfjm.'i's  po-zuder.     On  the  prepa- 
ration of,  loS 
Jef'rfon    (Prefident)   elected  an 
B  b                                     alfociate 


356 


INDEX. 


aflbclate  of  French    National 

Inftitute,  3^9 

Jur'ijprudencey  medical,  266 

Klaproth's  analyfis   of  chryfolite 
of  Greenland,  88 

Lacepede  on  oviparous   quadru- 
peds, 27S 
Lackering  o^hrz{^,  148 
Lalandt^jun.     Aftronomical  re- 
marks by,                              182 
Lamarck  on  ihe  lunar  period  of 
19  years,                               277 
Law.     A  pi  jze  queftion,         81 
Lawfon^s  ele6lrometer,            251 
J^cirned focietu's^  81,1  76,2 68 , 377 
Lchmann  on  the  fpider,           320 
Light.     Dr.  Young- on,           176 
Light  of  the  fun.     On  the,        39 
Lime.       Experiments   with,    on 
affinities,                      341,  342 
Linen,     New  method  of  bleach- 
ing,                                      273 
Liter  aturey                                 2S8 
,Lin.y.     A   complete  manufcript 
of,  found,                             288 
Lunar  rainho'-Wy  56 

Magnefia.      Experiments  with, 
on  aiSnifles,  343 

Mgnctic  'variations   in  different 
longitudes  and  latitudes,    2)$5 
Magnetifm.     Coulomb  on,      183 
Manufaclnrers.  Recipes,  &c.  for, 

144 
ManvfcriptSy  antient,  found,  288 
Ma/kelyne,'L>r.  on  the  new  planet, 

268 

Jkfcitheniaiics.       Prize     queftion, 

269  :  uies  the  fame  mode  of 

reafoning  asphyfics,  294 

jyTedicine,  266,  282 

Medical  Joclety    of    Bow  deaiix^ 

282 
^Memorandums  {i^x^cctx^^^  5c c.  144 
Metals.      On   diftin«:juifaing    by 
imelJ,  159 

Metal.    A  new  one,  177 

Meteorology  y  151,  191 


Meteorology*  Prefenfation  of  ani- 
mals applicable  to,  211:  lu- 
nar period  of  19  years,       276 

Meyer,  Dr.  on  animal  prefenfa- 
tion of  change  of  weather,  2  n 

Mineralogy,  i62> '.  galvauifm,  con- 
neded  with,  275.  Analyfis  of 
phofphated  lead  ore,  276  ; 
Fiench  emeralds,  276  :  blue 
oxide  of  iron,  281:  minerals 
found  in  France,  282 

Mining  in  Cornwall  and  Devon, 

381 

Moral aEiiom.    A  prize  queftion, 

81 

Muriates.^  earthy.  Experiments 
with,  on  affinities,  t^j^t^ 

Mufi?et  on  the  converfion  of 
iron  into  fteel  by  means  of  the 
diamond,  289 

National  Inflitufei     ^  270 

Natural  Hifiory,     A  prize  quel- 

tion,  178 

Nilro-muriatic  acid*   To  prepare, 

146 

Oil.     Fri6lion  with,  a  cure  for 

the  fmall-pox,  87 

Onager  of  the  antients,  68 

Ornilhorynchus  paradoxus,      Ob- 

fervations  on  the,  366 

Oviparous  auaelrupeds.  Two  new, 

27S 
Oxhides.     To  tan,  22 

Oxidation    accompanies     elcdlii- 

ciry,  20& 

Oximnriatic  acid.      Experiments 

with,  on  germination,  j  58 

■Oximurlatic  gas  and tther  explode , 

and  depolit  carbon,  90 


Pallas  on  the  onager,  or  real  wild 
afs,  68  :  on  a  kind  of  infefl:, 

140 
Pantheon  at  Paris,  270 

Paper  pulpy  to  bleach,  273 

Pedon.eter,    known     to  the    an- 
tients, 38 

Pepys's 


C  0  N  T  E  xN  T  S 


OF     THE 


ELEVENTH    VOLUME. 


I.  A  DISSERTATION  on  the  Hljlory  of  Sugar.  By 
ProfeJ/o  r  .3  E  C  K  M  A  N  -  -  \ 

II.  Dejcriptioji  of  a  Dzvaf  of  a  <ue7y  remarkable  Cojiforrna- 
t'i07i.  By  Baron  F.  Von  Wurmb,  laie  Secretary  to  the 
Batavian  Society  of  the  Arts  and  Sciences  in  the  Ifland  of 
Java  -  -  -  -  jy 

III.  DireBions  for  Tanning  all  Sorts  of  Hides  and  Skins 
according  to  the  new  Procefs  introduced  hy  Mr,  W.  Des- 
mond -  -  .  -  -  lo 

IV.  On  the  aitra^ive  Pozuer  of  Bodies  floating  on  Water. 
By  Dr.  G.  Carradori  -  -  07 

V.  Hijlorical  Sketch  of  the  Infiitution  and  Progrefs  of  the 
Royal  Society  of  London  -  -  -  29 

VI.  Chariot  fVay-wifer — Pedometer — known  to  the  Antients. 
By  Mr.  R.  Heron  -  -  _  ^8 

VII.  Ohfervations  on  the  Spots  of  the  Sun,  and  the  Nature  of 
the  Light  of  that  Luminary.     By  M.  Von  Hahx         39 

VIII.  Lxperiments  on  Platina,     By  L.  Proust  aa. 

IX.  On  Bleaching.     By  a  Correfpondent  -  cjc 

X.  Dxpe/wients  on  Dyeing  Cotton  with  the  Flowers  of  the 
Cartha-nius  Tindorius  (SafTlower).  By  Profcffor  BkcK- 
man  -  -  -  -  58 

XI.  Defcription  of  a  nezu  Purnace  for  confuming  its  oit'n 
Smoke,  a7id  faving  Fuel :  in-vented  hy  Mefjrs.  Ro  B  e  r T  o  N, 
0/  Glafgozu  -  -  .    -  6< 

XII.  Ohfervations  on  the  Onager  of  the  Antients^  or  the  real 
IVild  Afs.     By  ProflJor  Pa  l  l  j\  s  -  68 

XIII.  Account  of  J  07)1  e  improveinents  on  IVater-lVheels.  By 
Mr.  Robertson  Buchanan,  Engineer,  Glafgow    7 9 

XI V^.   Proceedings  of  Learned  Societies  -  81 

XV.  Intelligence  ajid  Mijcellaneous  Articles  -  87 

XVI.  On  the  Equilihrium  of  Arches.  By  JSIr.  John 
Southern,  Engineer,  Soho,  Birmingham.         -  97 

a  XVII.  C.^- 


U  CONTENTS. 


XVIT.    Ohjervations   and  Experiments  upon  Dr. 
Powder ;    with  a  Method  of  preparing^  in  the  hn 


James's 

mm  id  IVay, 
a  fimilar  SubJIance.  By  Richard  Chenevix,  Efq. 
F.  R.  S.  M.  R.L/f.  -  -  -  108 

XVIII.  Ohfer'Uiitio7is  and  Experiments  undertaken  ivith  a 
Vie\V  to  determine  the  Quantity  of  Sulphur  contained  in 
Siulphuric  Acid\  atid  of  this  latter  contained  in  Sulphates 
in  general.  By  Richard  Chenevix,  Efq,  F.R.S. 
M.R.LA.  -  -  -  -  112 

XIX.  Experi?nents  on  Platina.     By  L.  Proust  118 

XX.  On  the  Analyfs  of  IVine,     By  C.  Chaptal  128 

XXI.  Accou7it  of  a  Defcent  into  the  Crater  of  Mount  Vefuvius 
by  eight  Frenchmen  o?i  the  Night  between  the  \'6th  a'  d 
igfb  of  July  1801  -  -  1^4 

XXII.  Obfervations  on  a  dejlru Stive  Kind  r,f  In fecis  found 
in  feme  Parts  of  the  Ruffian  Empire,  and  in  the  Ba?inat  of 
Te?nefivar,     By  ProfefJ'or  PallaS  -  140 

XXIII.  MemorandumSy  Flints,  Precepts,  and  Recipes^  for 
the  Ufe  of  Artifs,  Ma?iufa£iurers,  and  others ;  including 
various  fhort  Proceffes  either  new  or  little  known  144 

XX[V.  Letter  froin  Prof efforViCTRT,  F.R.S,  Profeffor  of 
Natural  Philofophy  at  Geneva,  -  -  149 

XXV.  On  the  Ijifluence  which  the  Sun  has  on  the  State  of 
the  Baro??ieter.     By  J.J.  Hem  me  r  -  151 

XXVI.  Letter  from  L.  W.  Dillwyn,  Efq,  to  W.  H. 
Pepys  jun,  Efq.  refpeBing  the  Ejfeds  of  the  Oxymuriatic 
Acid  on  the  Growth  of  Plants  -  -  158 

XXVII.  Obfervations  oti  the  QueJIion,  whether  inixed  Metals 
can  be  diflinguijhed  by  the  SmeLl.    ^'M.Bcettiger    159 

XXVIII.  Some  Obfervations  on  the  Agitations  of  the  Lake  of 
Eerwent  Water ^  and  its  foating  IJlands,      By  a   Corre- 
/po?ide?it  -  -  -  163 

XXIX.  Dtfcription  of  a  ne-zu  Water  Engine,  invented  by 
Dr.  West,  of  the  IJl.md  of  Jamaica  -  166 

XXX.  De/cription  of  a  new  HyQTometer  -  168 

XXXI.  Hijlorical  Sketch  of  the  Infituiion  and  Progrefs  of  the 
Royal  Society  of  London.    Continued  -  168 

XXXII.  Proceedings  of  Learned  Societies  -  176 

XXXIII.  Intelligence  and  M if cellaneous  Articles  189 

XXXIV.  On  the  Chemical  Knowledge  which  the  Philofophers 
of  the  16th  ajidiyth  Centuries  bad  of  the  different  Gafes 

_  ^  ,  ...  ^93 

XXXV.  An  Account  oj  fome  Galvanic  Comhinations,  formed 

hy_  the  Arrangement  of  Jingle  Metallic  Plates  and  Fluids^ 
d'nalogoiis  to  the  new  Galvanic  Apparatu^s  of  Mr,  Volt  a. 

By 


CONTENTS,  m 

By  Mr,  Humphry  Davy,  LcLlurer  on  ChemiJIrj  hi  the 
Royal  hijlitution  _  _  -  2oa 

XXXVI.  lEiXperiments  on  the  Chemical  Vroduclion  mid  Agency 
of  FJe^trkity.  By  William  Hyde  Wollaston, 
M.  D.  F.R.S.  .  -  -  2o5 

XX XVI r.  On  the  Vrefenjat'ion  ivh'ich  Annuals  have  of 
Changes  in  the  JVcather.  By  Dr.  F.  A.  A,  Meyer^  at 
G'ottingen  -  -  -  211 

XXXVIII.  Account  of  a  Journey  from  the  Fortrefs  of  ^e^jet^ 
naja^  at  the  northern  Foot  of  Mount  Cauca/us,  to  Chojy  in 
Perjia ;  'u.>ith  a  Defcriptioji  of  Tefis,  the  Capital  of  Georgia, 
By  P.  F.  Engelman  -  -  217 

XXXIX.  Account  of  the  Procefs  employed  in  making  Cheflnre 
Cheefe  -  -  -  -  230 

XL.  On  the  Antiquity  and  Invention  of  Fire  E?igines,  By 
ProfeJ/or  Beckmann  -  -  238 

XLI.  D f crip t ion  of  a  new  EleSIrometer,  By  Henry 
Laws  ON,  Efq.  -  -  -  251 

XLII.  Dfcription  of  an  improved  Chemical  Apparatus  for 
prefer-ving  feparate  the  Gafeous  Products  evolved  in  many 
Proceffes  ;  by  which  alfo  Abfcrption  is  completely  prevented^ 
and  Liquids  may  befrongly  impregnated  vuith  the  dif-erent 
Gafes.     5/ W.  H.  ?kv\s  jun.  Ejq.  -  253 

XLIII.  Life  o/"  Joseph  ToALDO,  ProffforofAfronomy 
and  Meteorology  at  Padua  -  -  237 

XLIV.  Account  of  the  Dfcovery  of  Coal  at  the  Cape  of  Good 
Hope  -  -  »  -  26r 

XLV.   Notices  rcfpc cling  New  Booh  -  263 

XLVl.   Proceedings  of  Learned  and  Economical  Societies  268 

XLVII.  Intelligence  and  Mifcellaneous  Articles        -         283 

XLVIII.  Remarks  upon  fever al  Experiments  made  io  prove 
the  Converfon  of  Iron  into  Steel  by  means  of  the  Diamond, 
By  David  Mushet^  Efq.  of  the  Caldcr  Iron  JVorks 

289 

XLIX.  The  f.me  Methods  of  Reafcning  co^nmon  to  Mathe- 
matics and  to  Natural  Hi/lory  and  other  Branches  of 
Phyfics.     By  Mr.  R.  He  RON  -  -  294 

L,  Report  given  in  to  the  Clafs  of  the  jSIathematical  and 
Phyj'ical  Sciences  of  the  French  National  Injhtute  on  the 
Experiments  of  Folta,  made  the  2d  of  December  1800    301 

LI.  Thoughts  on  the  fuppofed  Variations  in  the  Axis  and  Poles 
of  the  Earth.      By  Prof e for  Bo  DE,  of  Berlin  -        310 

LI  I.  Obfervations  on  the  Manner  in  which  the  Spider  (Ara- 
nea  Diadema)  fpi?is  its  JVcb.     By  M.  C.  G.  Lehmann 

320 
LIII.  Out^ 


h  CONTENTS. 

LI II.  Outlines  of  a  Viezu  of  Galvanifvi,  chiefly  extraBed 
from  a  Courfe  of  Le^iires  on  the  Galvmtic  Phtenomemay 
read  at  the  Theatre  of  the  Royal  Irfiitutton  hjy  Mr.  Davy 

526 

LIV.  An  Account  of  a  Method  of  conf  ruling  Simple  and 
Compound  Galvanic  Combinations^  ivithout  if  e  Ufe  of  Me- 
tallic Suhjtances,  h^'  means  of  Charcoal  and  different  Fluids, 
By  Mr.  Dayy  -  -  -  340 

LV.  Olfervatvjns  on  the  Affinity  zvhich  Earths  have  for  each 
other.  By  Darracq,  Pupil  0/^  VAuaUELix^  and  his 
A(jijlant  tn  the  School  of  Mines  -  341 

LVi.  Experiments  concerning  the  Analyfs  and  Synthefis  of 
Alhalies  and  Earths,  announced  by  C.  GuYTON  and 
Desormes.  By  C.  DARRAcaj  Pupil  of  and  Afjifi ant 
to  C.  Vauquelin  at  the  School  of  ISlines  -  344 

X.VII.  Extras  of  a  Letter  from  M.  VoN  HuMBOLDT  to 
Lalande  -  -  -  2)SS 

LVIII.  Defcription  of  a  portable  Barometer.  By  Dr.  J.  GuE- 
RlN^  of  Avignon,  Profeffor  of  Natural  Hifiory  in  the  Cen- 
tral School  oj  Vauclufe,  and  Member  of  fever  al  Societies  ^6% 

LIX.  Anatomical  Ohfervafions  o?i  the  Structure  of  the  Omi- 
thorynchus  Paradoxus.      By  J.  F.  Blumenb  ACH,  Pro- 
feffor of  Medicine  at  G'otfingen,  and  Member  of  the  Me- 
dical Society  of  Paris  -  -  -  365 

LX.   On  the  Analyfis  of  Wine,  ByQ^.  C  h  A  pt  A  L .   Cojicluded 

368 

LXI.   Some  Account  of  C  You 'RCrB.OY  -  376 

L.XI1.  Proceedings  of  Learned  Societies  377 

\S^\ll,-IntelUge7ice  and  Mifcellaneous  Articles        -         38 1 


THE 


I  N  D  E  X. 


Pepys*s  gazo-chemical  apparatus, 

Perfia.     Engelnvan's  journey  in, 

Peruvian   hark.     Subfiitute  for, 

Philomaiic foclety  of  P.n-'is,  zSo 
Phfjfphate  of  cppcr.  Native,  89 
Phofphated  lead  ore.    A  naly  fi s  o  F, 

Phyfics  employ  the  fame  mode  of 

reafoning-as  mathematics,  2Q4 

Phyfology   of  animal^    278  :  of 

vegetables,  ^-q 

P'taet    {Prfejor),    letter    from, 

149 
Planet.  The  new,  19],  268,379 
Plants,  OH  the  growth  of,  158 
Platina,     Experiments  on,     44, 

Pcore  {Sir  Jolm  Mnhutn),  let- 
ter from,  QJ 
Pompeii,     On  the  deftruaion  of, 

_  83 

Potatoes,      On    the    culture    of, 

91 
PotaJ]^.     Experiments  with,   on 
affinities,  3^1. 3^, 

Precepts  for  artifls,  &c.  '  144 

Prize  quejilons,   81,86,87,  1/8, 
269,282,283,378 
/^r^^onplatina,  44,  118 

PruJJian  blue  changed  to  white, 

89 
Publications^  T\t\v,  177,263 

Recipes  for  artifts,  &:c.  144 

Refrigeration,   A  prize  queflion, 

Pffpiration  where  the  air  cannot 
be  renewed,  2^8 

Poberton's   furnace  for    cunfuai- 
ing  its  own  fmoke,  6, 

Royal  inedi^al  acadin:y  at  Barce- 
lona, '  283 
Pi'^yal  fociety,     Hiilory   of   the, 
29,  168  :  proceedings  of,  176, 
268,  377 
Rujl.t,  Deftruaive  infeds  found 


3^7 

Siccbarum  of  the  antients,  5 

Sajjlo-zver,     Experiments  on  dye- 


ing with. 


58 


Sages    analyfis     of    phofphated 
lead  ore,  276 

Savage  of  Av.yron.      Interefling 
particulars  refpeaing  the,    93 
Schumacher's,  ProfJJhr,   medico- 
chirurgical  obiervaiions,     266 
Stiver,  to  gild,  144,  147 

SmaL-pox.     A  prize  queflion,  87 
Smoke.      A  furnace  to  confume 
its  own  5^ 

Soua  in  ftones,  gg 

Societies, Learned,^  r,  1 76, 2  68, 3  7  7 
Soyiice.  The  --cointer,  of  1 801 ,3  80 
Southern  on  the  equilibrium  of 
arches,  97:  on  friction,  377 
Spider.  Manner  in  which  it  fpins 
Its  web,  32 D 

Spirit   of  ivine.      On   diftillinc;, 

Sfar,    The  new,     191,  268,  i-q 
S^^s^ics,  Jg^ 

Steti.      To    gild,    144;    on   th2 
converlion    of   into    iron,    by- 
means  of  the  diamond,       289 
Stone  pipe  formed  in  a  leaden  one, 

iitrontian.  ^  ^  Experiments   with, 
on  affinities,  -42. 

Sugar.      Hiftory  of,  ^ 

Summer  fyjiice  of  1 80 1 ,  181 

Sun.  On  the  fpots  of  the,  39,  9  c 
Sun.      In/iuence  of  on  barome- 

Sulphur.  Quantity  in  fulphuric 
acid,  j,^ 

Sulphuric  acid^  quantity  in  ful- 
phates,  JJ3 


m. 


14.0 


T.ninip.g.  Defmond's  ne\T  pro- 
ccls  ^  j^^ 

'       ' — •     Experiments  on,  190, 

V  o^-'-S  tlie  capital  of  Geor;Tia, 
defer  i  bed,  217 

Thermomcti-r  ufeful  to  mariners 
in  determining  their  approach 
to  land,  3 -^ 

Titaniunif 


335  I  N  D  E  X. 

Titanium,     Phofp^nret  of,       88 
Toaldo,- Prof e for.  Life    of,   2:7 
^ode^s  {Dr.)  medico-chirurgical 
diftionaiv,  266 

Travels,  217 


Utrecht,     Society   of   arts    and 
fciences  at,  178 

Vacrine  ir.oculat'iTtu     Prize  quef- 

tion,  283 

yaiiquelins  analyfis  of  chryfolite 

of  Greenland,  89 
of     earth 

eaten    by    Ncw-Caiedonians, 

281 
Vegetation,  Experiments  on,  1  58 
Vejuvius,     Eruptions  of,  83 

- ^L  urJ,     Defcent  into 

tlis  crater  oF,  134 


Volta,     On  \he  galvanic  pile  of, 

149,  189,  202,  2c6,  271,  272, 

275,  284,  301,  326 

Water  engine.     A  new,  166 

IVater'-.v heels.  Improvements  on, 

79 
Weather,    To  judge,   from  ani- 
mal fenfations,  2I  i 
JVeJl^s    new    hydraulic    engine, 

i66 
Wild  afs.     On  the  real,  68 

Wine.      Analyfis  of,       128,   368 
Wollajlony  Dr.on  eleftrlcity,  206: 
on  galvanifm,  207 

Wool.      Improvement  of,       28a 
Wurir.e'*s,  Von  defcription  of  a  fin- 
gular  dwarf,  17 

Zoology,  268,  2";  7 


END  OF  THE  ELEVENTH  VOLUME. 


Printed  by  Wilks  and  Taylor,  Chancery -Lane. 


*i 


Physical  & 
Applied  Sci. 
Senais 


The  Philosophical  magazine 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 

UNIVERSITY  OF  TORONTO  LIBRARY 


_<ic:€jc 


<'.  Of^'C^ 


^-^^ 


^  ICC  <^.c|; 


CZ^CC       c    • 
Ci<C     c   o 


■%  '^;C 


C   ct 

C 

c 

t< 

c 

O 

-cc 

C 

Ci 

'fC 

c 

c 

c 

< 

eci^ 


#:  - 


_ 

.  *  >■>  ■<  ■■<: 

c<« 

'^•'^c^t:: 

«-•« 

:     ■    >m,C«" 

''"    ' 

&^^ 

<^'V^ 

•^^e 

^^c 

^^t^tc 

a&:^r^ 

r* 

^  C 

c:c  € :. 

v^ 

<L 

^    ^. 

-^C  '  ,i 

V  '  <1 

-       c 

cere  .^ 

C         < 

"i 

_  cc'C. . 

<C' 

<: 

^.cvcc  . 

<^':- 

<^ 

C' 

or 

c    cc:. 

'■C    ^:   .' 

t.c^  c<: 

-:C.   •^:   • 

c<f  c<r 

^■<c:'  '-  J 

•6^   C  C 

m.  ■  •< 

o^  c<: 

^   5  i 

<8^  MC 

c:     C  -! 

:  -  ^r  xic 

C      C  5 

<     ^      <SiZ 

■c    5  -^ 

oc  CC 

<r.  ^4 

«]CCa' 


^ 


-5l     €  vC 


'i^r  <s:r^..  - 


CfTf^^ 


